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Annual Report of the Geological Survft of India, and of the Geological 
% Museum, Calcutta, ior the Tear 1883 

The extra Peninsula area —Of work done during the past season, Mr Gnesbach’s 
Hundbs would be popularly considered the most interesting, as 

Mr Qrtesbach dealing with the mam Himalayan range and the well* 

* . known formations there displayed on so grand a scale 

Unfortunately no matured abstract of his observations is yet available, as Mr 
Griesbach had to make all haste from Tibet late m October to ]om the expedi¬ 
tion to the Takht-i-Suleiman, and ho is still engaged on the north-west frontier 
He had however brought his particular undertaking to its intended conclusion, 
having completed the survey of the Hundes basin to its western limit on the 
flanks of the gneissio mass of Furgial mountain which separates Hundes from 
Spiti The obstruction encountered from the unruly condition of. the people on 
both sides of the frontier was even greater than in previous seasons, we must onlj 
accept thm sketch survey as all that is possible in that direction for some time to 
fnm i» It is further very satisfactory that Mr Gnesbach has been able to link 
his work with that of Dr Stoliozka in his typical sections of Spiti by a trip over 
the Bhabeh and Mamrang passes For some important horizons he has satisfied 
Vnmaftlf of the identity of the sections in Spiti and Hundes, particularly the occur¬ 
rence in Spiti of full representatives of the lower tnassic groups, not noticed by 
Stoliczka We have thus strong evidence for ttffe presumption already made that 
the present separation of these basins is largely, if not altogether, a feature of 
disturbance, an example on tl\e largest scale of the longitudinal waving of the 
iitina of elevation whioh has been frequently noticed in the detailed structure of 
these mountains , 

The Takht-i-Suleiman, Mr Gnesbach writes, consists of the cretaceous sand¬ 
stones with limestones recently descnbed by Mr Blanford 
Tra Taxht i 8ulbi- (Memoirs* Vol XX, pt. 2), as farming the crest of the 

range 80 miles to the south 
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* lEe have at last gbt a bit of cntioal study from that most obscure region, the 
' Lower Himalaya, in Mr Oldham’s work of last season in 

Jaunsdr (Records, Yol XVI, pt 4) This remark leaves 
Qldktm ou t of count Mr Mallet’s very thorough, study from th« 

same region^la Sikkim (Memoirs, Yol XI, 1874), the distance is so great (700 
miles), and &e dotnils so different, also Colonel McMahon’s*most excellent ob¬ 
servations in the Simla area (Records, Yol X, pt 4, 1877), on the grounds that 
they are not comparable, being only notes made during official tours of inspection 
On similar grounds I would claim partial exemption for my own notes (Memoirs, 
Vol II, pt 2) published in 1864 I was then especially engaged "with the Sub- 
Himalayan rocks, and my notes upon the ‘Older formations were taken on casual 
traverses of the ground, but I put them into the best form I could (unfortunately 
not a very lucid one) with a provisional scale of formations There would be no 
risk m so reasonable a proceeding, but for the delight some people take m figuring 
as correctors of what it gratifies them to call ‘ error, ’ and it is so easy in a refer¬ 
ence to omit all notice of the saving clauses of the context, or to quote a^iagsing 
opinion as if it had been a matured judgment It was my early connection with, 
the college at Rurki that gave me the opportunity of Himalayan work, and sfhee 
I left it (in 1862) no regular survey has been undertaken m this ground until now, 
though it is hero, as I have often explained, that we must hope to find a clue to 
the whole Lower Himalayan region 

After a preliminary viow of the Simla section, Mr Oldham settled down upon 
Jaunsir, a British district between the Tons and the Jamna, because there he would 
have the advantage of a fairly good map on a sufficient scale, the Atlas maps of the 
general area being very defective The result has been no small surprise, which 
I will bnofly explain The sequenoe of formations in the Simla section is appa¬ 
rently a simple one m itself, however complicated by disturbance The re is at 
top a strong limestone, which takes its name from the Krol mountain, it is 
underlaid with apparent conformity by a great thickness of shales, slates, and 
flags, sub-diviCled by one small but very persistent band of limestone and con¬ 
glomeratic quartzite knoijfn as the Blaun group It was thought that these rocks 
extended indefinitely eastwards, and Mr Oldham has himself recognised a known 
outcrop of the Blaim group far to the east of Jauns&r, beyond Mussooree, yet 
in the Jauns&r section, which takes in a full slice of the region from the tertiary 
zone to the gneiBS, and is only 50 miles east of Simla, an almost completely 
new senes of rocks is introduced, the limestone of Deoban mountain, north of 
Chakrdta, being taken with some doubt to represent the Kfol rock It rests un- 
conformably upon a great series of slates and quartzites with subordinate lime¬ 
stone , but m this Chakr&ta sones none of the infra-Krol sub-divisions have been 
recognised This discrepancy must, of course, stand, but it Beems more likely to 
be explained as a variation of deposition than as an entire change of systems 
\lnconformitieb, too, are of precarious certainly where disturbance has been bo 
intense But the most interesting feature m the Jaunsdr work is the introduction 
of two separate and entirely new groups It has always been known that a 
grefct gap existed between the tertianes in the Simla section and the Krol 
group, for which no age later than the tnas has been conjectuied, hut no 
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intermediate deposits bad been detected In Jauns&r Mr Qldham introduces two 
unconformable and almost wholly detached groups above the Deoban limestone 
One, tbe Mandhdlis, may be of upper secondary age, but tbe other, the B&war, 
% is taken to be middle tertiary, as it exhibits little or no disturbance, 
although highfy metamorphosed, it lies to tbe north, close tinder the mam 
gneissic range £.11 this may seem a little wild, but a perusal of Mr Oldham’s 
paper will show that he thoroughly understands what he is about, and has com¬ 
pletely protected his position, that if he scorns grooves and is somewhat reckless of 
Antecedent probabilities, he has on the other hand a whoTesome faith m close 
observation and sound reasoning ■* 

Colonel McMahon continues to favour us with his studies in the intervals 
Chamba business His determination of the truly basaltic 

Colonel McMahon character of the bedded trappean and trappoid rocks as¬ 
sociated with the slates of the Lower Himalaya removed 
an awkward uncertainty, but his later decision that much of the granitoid gneiss 
of the Himalaya must be regarded as a truly intrusive rock is a most valuable 
•dirifcovery, as giving a cine to structural features that were almost impossible of 
explanation on the supposition of the rock being stratified by original sedimen¬ 
tation When first describing this gneiss in the Simla region, Colonel McMihon 
remarked that “ the internal structure of the rock is that which has usually been 
described as characteristic of an igneous rock” (Records, Yol X, p 222), and 
his later more leisurely study of the same rock with its attendant contact pheno¬ 
mena at DSlhousie has forced upon him the conviction that it is intrusive and must 
properly be called gneissose granite (Records, Vol XVI, p 129) His arguments 
are mainly drawn from the microscopical examination of petrological characters, 
and depend a good deal upon the more or less obscure conditions of the process 
of metamorphism and contact action, whereby very similar results may be accom¬ 
plished in very different ways j 1 still the arguments are very forcible, and when 
backed by the more certain evidence of structural features, they seem to me con¬ 
clusive Despite the wonders performed by flexure of strata in mountain 
regions, the structural features presented by this rock in certain cases were 
impossible of satisfactory explanation on the supposition of its being really strati, 
fled gneiss The Chor mountain in the Simla region and the end of the Dhula- 
dh&r ndge at Dalhousie axe instances It is true that by Herbert originally, 
and by Strachey subsequently, the Chor was mapped as granite, by overlooking 
everything but the crystalline texture they hit upon the right name, but had 
they represented their conception of itm sectiqp, it would no doubt have assumed 
the conventional form of a vertically intrusive rock, whereas in reality the rock is 
not only foliated and roughly bedded, but it conforms in ho to that of the sur¬ 
rounding strata, presenting a* steep south-westerl/ outcrop and a moderate dip 
conformable with that of the overlying schistose slates, the puzzle being that 
it has net continuity m strike, the outcrop being about as broad as it ib long, 

i I long ago brought to notice an instance of a perfect ternary granite where it can only 
here been formed by eolation or bydrcfraetamorplnsm, without intrusion or disturbance, or any con 
ditions usually associated with the word * plutomc' See Memoirs, Yol HI, p. 17, and note by Pro 
fessor Haughton, Joorn Geol Soc, Dublin, 1, p 87, 1864 6S 
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nearly 7 miles The recent recognition of the fact that those characters of 
quasi-stratification are compatible with a truly granitic and intrusive origin, 
removes all these difficulties, and thus establishes a strong claim for acceptance 
Although Mr Lydekker’s work mthe North-West Himalaya closed two years, 
Kashmir * ago, and was duly noticed as it came oui in his progress 

Mr Lydekker reports, the recent publication of it, (Memoirs, Vol 

XXII) in a connected form and with a map of the whole 
area requires further remarks But for this compilation the work would be m a 
manner lost, and Mr Lydekker has performed his difficult task in some respects 
most creditably, 1 for it demands considerable art to put a mass of very crude 
material into presentable form, and this has been done, the volume now published 
gives an excellent general view of the distribution of the rocks over an immense 
area of very inaccessible ground In view of future operations it is however 
necessary to indicate explicitly how superficial this work has been Mr Lydekker 
remarks, and it is quite true, that anything like a study of the whole ground 
would demand a hundred-fold the time that has been given to it, we are told on 
almost every page that data are wanting to decide some point or other, showing a 
fair perception on his part of what was needed, but this only makes the almost 
total absence of critical landmarks the more disappointing 

Although a considerable additional area of the sub-Himalayan region was 
mapped by Mr Lydekker, his attention was least directed to those rocks, and he 
has added nothing to the difficult question of their classification, indeed, the 
grouping he adopts (p 83) is neither congruous nor properly geological, the 
ruling question regarding them being whether the repetition of more or less 
similar deposits in successive zones up to the innermost boundary of the region are 
representative or distinct formations, and had he any real apprehension of the 
position, he would not have remarked (p 13) that the views regarding the upper 
tertianes in our original work in this region (Memoirs, Vol III) had been modi¬ 
fied It is true that a correction was published (Records, Vol XIV, p 169) of an 
erroneous observation of an important contact-section of the Nahan-Siwalik 
boundary, and that great stress had been laid upon that observation because it 
would have been an absolutely final settlement of an important dispute, but m 
publishing the correction it was expressly stated that all the other evidence 
remained m favour of the view originally taken of that boundary, that it was 
primarily an unconformable contact By far the most important and definite 
result of observation as bearing upon Himalayan history is that enunciated at 
page 121 of Mr Lydekker’s memojr, but it would not be gathered from the con¬ 
text that this result had been very clearly concluded from our first study of those 
mountains, that although the Himalayan area had been elevated and defined, 
and the rocks deeply denuded before the eocene, little or no contortion of the rocks 
had attended that disturbance (see Memoirs, Vol III, p 174, 1864) Mr 
Lydekker has now extended this observation to the tertiary basin of the upper 

1 1 must take exception to and apologize for the note on page 273 and the “ (ate) ” on page 
274 of Mr Lydekker’s memoir, which was printed in Lnglond 1 would be the Inst to check 
plain criticism of bad work, bat to reproduce and point the finger at paltry errors of press reading 
in a quotation worthy of all respect, is a display of cntioal acumen that 1 trust may not again 
disfigure the pages of our Memoirs 
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Indus, but there is one important reservation that he has not noticed In his 
section on page 101, the tertiary strata he at nght angles to those of the gneiss, 
now the apparent conformity of the palaeozoic rocks 4o the gneissic senes is a con* 
•stant subject of remark and puzzle with regard to the presumable existence of 
a prepalaeozoic gneissic mass, if then the Indus tertiaries are m pseudo-conform¬ 
able relation to the palaeozoic strata there, the gneiss of the Skirbichan section 
would be a better identified example of that archaean gneiss than any of those 
suggested in Chapter IX 

On page 127 Mr Lydekker makes some very judicious* reflections upon the 
difficult question of the correlation of formations in Europe and m India, as intro¬ 
ductory to the gigantic compromise he has to make m clubbing into one ‘ system,’ 
* the Zanskar system,' the eight formations, ranging from lower carboniferous 
to cretaceous, distinguished by Stoliczka at the east end of the Zanskar basin itself 
We must allow a good deal for the reputed extinction of fossils to the westward 
m these continuous deposits, nor should we complain of a temporary compromise 
had we found even a few critical landmarks for a classification which we must 
believe to be possible in that ground The map does attempt a three-fold division 
of the ‘system’ into carboniferous, jura-tnas, and cretaceous, the three little 
patches of the latter being those marked by Stoliczka, but a map on so small 
a scale can only be an mdex to the text 

The ‘ Zanskar system’ is itself described as transitional with the underlying 
‘ Panjal system’ of lower palaeozoic rocks, and these again are for the most part 
mseparable*from "the schistose metamorphic or gneissic rocks In the Manual 
(pp 626-7) the term ‘central gneiBS ’ was tolerated upon the intelligible grounds 
that we were then supposed to have m actual evidence two gneisses, one in the 
mam Himalayan range, as testified by Strachey m Hundos and by Stoliczka m 
Bissahir to be in abrupt original contact with the infra-silunan azoic slates, 
and another in Bupshu, as testified by Stoliczka to include all the lower 
palaeozoic formations For the former the name * central ’ was not inappropriate, 
in the sense of local fundamental or local archaean Later observation both in 
Hundes and Biss&hir asserts that on the north flank of the mam range there 
is complete gradation of metamorphism from the gneiss to the slates, so it 
would for the moment appear as if we had only to deal with one period of 
metamorphosing action of variable range, or at least the original demarcation 
of two gneisses is not sustained Under these circumstances, as based upon an 
assumption, the use of so distinctive a term is scarcely for the present advisable 
It is true that Mr* Lydekker insists upon tljp existence somewhere of a pre- 
silunan gneiss from which the blocks m the Silurian slates must have been 
derived, but it is not certain, however probable, that that rock lay within the 
Himalayan region at all, and until found it wohld be better designated by 
some less specific name The reason given for preferring the name ‘ central * 
rather than archaism (p 269) is certainly not admissible, it is, that some *of 
the so-called gneiss is now shown to be intrusive It would be rather sub¬ 
versive of geological principles#to regulate the nomenclature of stratified sys¬ 
tems according to the igneous rocks that may have invaded them, and it is 
clear that in this case the ambiguity is not m the words * central ’ and ‘ archaean,’ 
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but in the word 1 gneiss,’ if we choose to retain it for a rock that is proved to he 
a foliated granite, as which it should be coloured on the map whenever its origin 
can be established Or if the } central gneiss/ as Mr Lydekker suggests (p 270), 
is only to indicate the lower limit of a general metamorphism as defined on the 
Bhabeh section,'it would form an incongruous member in a scale of formations 
based upon wholly different conditions 

Mr Lydekker continues the introduction to his description of the crystalline 
and metamorphic system with a discussion of Colonel McMahon’s papers on the 
Dhuladh&r, remarking that m the last of these “ many of the rocks previously 
alluded to as granitoid gneiss are termed gneissose granite, and itewill accoid 
ingly be understood that where these terms are employed they must be generally 
considered as equivalent ” (p 271) It seems to me that this is precisely what 
we should avoid doing Compromise, or opportunism, may often be necessary, 
but in geology at least we can adopt it with our eyes open The familiar example 
Of chalk and cheese would not adequately represent the confusion here recom¬ 
mended , it would be better illustrated as between blood and bone m biological 
research, a provisional equivalence which Mr Lydekker would hardly tolerate 
In the ascending scale of differentiation the possibility of mistake has there 
been removed, but intrinsically among rocks tho functional distinction of gneiss 
and granite is just as radical Except by survivals of the "Wernerian school 
gneiss is regarded as of sedimentary stratified* ongm, and even though locally 
derived by a new birth from the base of the earth’s stratified shell, granite is 
essentially the very reverse of sedimentary I have no doubt Colonel McMahon 
would abstain fropi applying the term gneissose gramto without sufficient 
reason, and meanwhile the term granitoid gneiss must carry its full signification, 
for it must be possible that a gneiss should reach the last verge of metamorph- 
lsm without extinction of its original stratified relations , on the other hand, it 
would be difficult to place a limit on the pseudo-Bchistose texture an erupted 
mass may assume under certain conditions 

In subsequent pages Mr Lydekker gives liberal extracts from Colonel 
McMahon's papers They will serve to give his non-professional readers an 
idea of what is understood *by critical observation m geology, but they seem to 
be introduced as a basis for an imaginary contention (p 280) m which Colonel 
McMahon is supposed to deny the existence of the granitoid gneiss even 
m the Dhuladhdr Seeing that the evidence quoted at top of the next page 
for the existence of an archsean senes of metamorphio rocks in the Hima¬ 
laya is from Colonel McMahon’s observations (Beoords, Ynl X, p 204) this 
is rather perplexing, the conclusion was not made from a thorough study of the 
ground, but it was formally sound, and it is almost the only positive evidence we 
have left on this important question, so I am anxious to see how it will stand the test 
of Mr Oldham’s approaching investigation It is impossible to admit with Mr 
Lydekker (p 280) that the occurrence of boulders of granitoid rock in the 
slates of P&ngi proves that such a rock was then exposed in Pfingi, Chamba, and 
lT»«hmir , especially if those boulders were, as he conjectures, due to transport by 
}ce> they may have come from much farther, possibly from the middle Himalayan 
region to the east. 
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With the fictitious contention over the archsean gneiss* there is mvolyed one 
on the intricate structural question of faulting versus flexure with inversion 
This too is peculiarly open to misunderstanding* for more or less of faulting 
would be inseparable from a folded flexure Colonel McMahop has not recog¬ 
nised any inverted strata m the Dalhousie section, and so does not yet see the 
need of the folded flexure Mr Lydekker has made out a good case for an 
inverted senes on the outer flank of the Pir Panjal, and would extend it to the 
Dhuladh&r, as these ranges are certainly homologous, and I think that m the mam 
he is right, but here again it would not bo supposed from his text that this was 
the view taken of the Dhuladhar in the first Himalayan work of the Survey 


(Memoirs, Yol III, 2, p 63, 1864) 

The recent publication of Mr Blanford’s memoir (Vol XX, part 2) on his 
examination of the hills in Northern Baluchistan and 
Nobth WmiFbonuse South-Eastern Afghanistan during the season 1881-8$ 

brings forward some points that were not available for 
last year’s report I need hardly say that the memoir is replete with sound 
’ observation and lucid exposition, or how much we have to regret that it is the 
last lecord of geological field-work in India that we can expect from Mr Blan- 
ford A slight alteration of the classification of formations adopted in his Sind 
Memoir is now indicated (p 46) accoidmg to the critical examination of the 
fossils by Dr Martin Duncan (Pal Ind Ser XIV) the Cardita beaumonh beds 
are now pjpeed as lowest eocene instead of cretaceous , and the change is also rather 
in accordance with their petrological characters Their position below the trap 
had something to say to their being regarded as cretaceous, and now we have to 
give a corresponding lift to the trap itself which is presumed to belong to the 
penod of the Deccan trap, this must have been one of great duration, and 
the eocene basalt of Ramkot would probably belong to its uppermost horizon 
The total disappeaiance of the Gaj and Nan marme beds of Sind m the western 
highlands as well as northwards is a very interesting observation The latter 
feature was a prominent object of Mr Blanford’s investigation, with a view to 
the correlation of the sub Himalayan tertianes, and although the examination was 
not earned so far northwards as was hoped for, the question is, I think, virtually 
settled as far as it is likely to be from this quarter, though perhaps not as Mr Blan- 
ford suggests The correspondence of the Manchhars of Sind with the Siwaliks 
has been fully recognised, and Mr Blanfoid has now traced them continuously 
along the Bugti and Suleiman hills, where for a considerable distance they over¬ 
lap all the middle •tertiary groups and rest upon the eocene The marine Gdj 
and lower *Nan do not occur at all in this ground, but a sandstone which Mr 
Blanford takes to represent the Nan sandstone re-appears on the flanks of the 
Suleiman resting on the eocene shales, and he suggests (p 55) that it may 
represent the Murree beds of the sub-Himalaya I hardly thmk that this will 
prove correct The hthological resemblance is not so close as Mr Blanford sup¬ 
poses , “ brown sandstone, rather harder and darker than the Siwalik sandstone, 1 * 
does not at all match the Murree or Dugshai rock, which has a prevailing purple 
colour and is densely hard There are rocks above'the Murree honzon and 
below any recognised Siwaliks that would answer much better to the Nan sand- 
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stone of the Suleiman But this is the least consideiation The intimate transi¬ 
tion of the Murree beds and the eocene is not described as occurring at the base of 
the Nan in the Suleiman section, there is also a much greater thickness of 
deposits above Jhe Murree zone m the sub-Himalayan region than above the 
Nan in the Suleiman These considerations coalesce with what must, I think, be 
taken as the probabilities of the case the exclusion of the sea from the 
northern ground was a most gradual change and no doubt took effect earliest in 
the north, where the highest manne and low est fresh water deposits would thus 
presumably be older than at any point to the south It is not unlikely that the 
whole Sirmur series is eocene This sort of thing is no doubt awkward for 
the map maker, geologists must only learn to adapt their scales to the processes 
of nature 

At the other end of the Himalayan area, in Assam, Mr LaTonche was engaged, 
at the special request of the Public Works Department, 
„ Abb * m , m prospecting for coal and iron, where it was pretty cer- 

tain none would be found, in the upper tertiary ropks 
forming the hills between Cachar and the Dimapur valley in Assam through 
which it is proposed to run a line of railway The result was as expected, but 
in proceeding to his work Mr LaTouche traversed some new ground, a note upon 
which is published in the Records for the- year He was to have taken up 
during the current season the survey of the coal-field in the Garo hills, his 
preliminary examination of which was made at the close of the last season 
(Records, Vol XVI, p 164), but with the permission of the Chief Commissioner 
he was deputed to accompany the survey party under Lieutenant-Colonel Wood- 
thorpe, R E , proceeding to explore the Upper Dehing basin This would be very 
interesting ground, as it must reach beyond the zone of tertiary rocks fringing 
the Upper Assam Valley and probably beyond the range of the Arakan-Mumpur 
ftTia Unfortunately this plan was interrupted by the Aka raid, the survey 
parly being diverted into that territory, and Mr LaTouche with it This is 
Himalayan ground proper, not far to the west of the Daphla district visited by 
Colonel Godwin-Austen m J865, and probably like it m structure 

The Peninsula Area —Mr Foote completed his survey of the coastal region on 
both sides of Cape Comorin, and the result is now pub- 
TraxJtvsiM^AnraA hahed (Memoirs, Vol XX, part 1) with a largo map The 

region is not particularly attractive geologically One 
point of general interest has been provisionally suggested by Mr Foote The age 
of the Cuddalore sandstones has been unknown ever since the formation was first 
described by Mr H F Blanford under this name in 1863 (Memoirs, Vol IV, 
part 1) , it occurs extensively in the Godavan district as the Rajamundn sand¬ 
stone, and in Travancore as the Warkilli beds, and at many intermediate points 


TnfirBVKi.iT Madura 
Mr Foots 


It is totally severed from the cretaceous deposits of Tnchmopoh, but as it had 
only yielded silicified wood and impure lignite, nothing could be fixed • as to its 
age, and it has passed generally as tertiary Mr Foote has now (p 40) with some 
probability identified a fossilifeious manne sandstone as belonging to this group 
If this observation be upheld, or rather until it is eontradicted, the Cuddalore 
sandstones must rank as post-tertiary or even sub-recent 
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In this connection I may mention the recent re-discovery of General Cullen's 
tertiary limestone near Quilon by Mr Logan, the Besident 
at^Quiioh 7 ■^ ikbstonb m Travancore In the annual report for 1881 (Records, 

• , Yol XY), I mentioned that Mr King had failed to fi*>d 

this interesting bed during his rapid survey of the Warkilh deposits (Records, 
Yol XY, p 94) It was certainly not to be found at the place assigned m the 
published account of General Cullen’s observations, and no one at Quilon could put 
Mr King on the track of it Mr Logan has now sent specimens collected by 
himself at the spot, known as Purappakkara, about 7 miles north-east of Quilon, 
a much greater distance than that given m the notes published by Dr Carter 
General Cullen was presumably an Irishman 

By desire of His Excellency the Governor of Madras Mr Foote at the begm- 

Billa Suhgam Cavbs nin g °* tk® current field season took up the exploration of 

the ossiferous caves in the Karnul district, mention of which, 
was made in last year’s report Owing to the total want of local information 
regarding these caves there was much difficulty in finding them, and work was 
‘commenced m a cave said to be called Billa Surgam, but which turned out not to 
t® the locality where Newbold had made oxcavatious This cave was, however, 
found out m time, and the exploration has now made some progress with fair pro¬ 
mise of success Unfortunately a diversion has arisen m au urgent demand for 
the examination of the countiy between Btzvada, Singarem, and Hyderabad, with 
a view to the possible occurrence of coal and iron deposits, m connection with a new 
line of railway Vo other officer being available it has been necessary to depute 
Mr Foote for this work, the cave exploration being for the tnhe suspended 

In March last regular mining exploration of the Umaria coal-field was com- 
Ihb South Rewah menced under Mr Hughes’ direction by opening a shaft of 

Coal bibids 10 feet in diameter There being no suitable shelter on 

Mr Mvghes the ground the work had to be suspended during the 

monsoon, but an early start was made at the beginning of the current season, by 
the close of which it is fully expected a sufficient judgment can be formed of the 
i alue of the coal-seam It is also hoped that the purvey of the much larger 
Sohagpur {coal-field will be completed during this field season Mr Hughes con¬ 
tinues to report favourably of the services rendered by Sub-Assistant Him Lai 
in connection with the coal-fields of South Rewah, the resources of iron for 
which the north of the Jubulpur district has long been 
KAT £f noted assume much importance The information re- 

• garding the nature and ^extent of the ores not being as 
definite as whs desirable, Mr Mallet was deputed to examine the question His 
report is published in the Records (Vol XVI, pt 2)^ It shows how exceptionally 
favourable all the other conditions are for extensive iron manufacture if the 


Katni Ikon Oebs 
Mr Mallet 


coal be found suitable 

Dr King returned from furlough on the 11th of May Before leaving Madras 

Chhattxbgaeh Coal- h® was called upon to accompany His Excellency the 

riBLDS Governor on his tour through the Cuddapah and Kumool 

Dr. King districts At the beginning of Ihe current season Dr 

King took up work on the coal fields m eastern Chhattisgarh, commenced some 
# years ago by Mr Ball He has been specially directed to select sites for trial 
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Katttwab ' 
Mr Fedden. 


borings in the Hengir Coal-field m connection with the projected line of 
railway 

By prolonging the season’s work well into the hot weather Mr Fedden was 
able to complete hit surrey of Kattywar The area 19 
principally occupied by the Deccan trap, of which it was 
not desirable to attempt a detailed surrey throughout, so 
the work lay principally in the tertiary and post-tertiary deposits of the coastal 
region, with some secondary rooks on the north-east margin To prepare his 
work for publication as well as to give assistance in the museum during Dr 
Feistmantel’s absence and on account of the Exhibition it has been c necessary to 
retain Mr Fedden at office during the current field season. 

After picking up some outliers of the manne cretaceous rocks in Ehandesh and 
Nimar, Mr Bose extended his survey eastwards to Ni- 
KniHUESH^NnuB mawar to take advantage of the new survey sheets of 
that ground The map required to illustrate Mr Bose’s 
memoir of this large area is rather intricate, so there is some delay m publica¬ 
tion For the current season Mr Bose has been transferred to the unexplored 
region of the upper Mahanadi basin, of which detailed maps are now available „ 
Sub-Assistant Kishen Singh extended his mapping of the Vindhyan lines, 
east of Bundi In the middle of the season he was recalled to Bengal, an urgent 
requisition having been made by the Public Works authorities for a search for 
limestone in connection with Barakar iron works and the new line of railway to 
the south-west Sub-Assistant Kishen Singh brought m numerous Specimens of 
limestone from new localities m the gneissic rocks, but none of them were of 
better quality or more conveniently placed than that already in use I would 
here record the instructive fact that the native assistants are the first to com¬ 
plain of the heat and to propose a retreat from field work 

Publications —Five parts of the Memoirs were published dunng the year, 
completing Volumes XIX, XX, and XXII The appearance of Volume XXII 
before Volume XXI has fyeen unavoidable There were seven memoii s about ready 
to start and with nearly the same apparent prospects of a finish, and it was neces¬ 
sary to assign a place for each with a view to the lettering of maps and plates, 
once these were well m hand it was not possible to ohange Part 3 of Volume XIX 
is the catalogue of Indian earthquakes commenced long ago by Dr Oldham and 
now edited by Mr R D Oldham with a map of the principal seismic areas 
Part is Mr Oldham’s account of his observations m Manipur and the Naga 
Hills, the publication of which ^as delayed for the preparation of a map includ¬ 
ing the recent surveys Volumes XX and XXII contain the memoirs by Messrs 
Blanford, Foote, and Lydekker, of which notice has been given above 

The Records for the year* (Vol XVI) contain 24 articles of various interest 
with numerous maps and plates* 

* Of the Palasontologia Indica a full part containing a large section of the 
Brachiopoda of the Productus-limestone of the Salt-range by Dr Waageu was 
issued dunng the year, also a part on the tertiary Echinoidea of Kach and 
Kgttywar, by Dr Duncan Two other parts are on the verge of publication, one 
try Dr Duncan on the Fossil Echinoidea of the Kirthar and Nan groups in 
Bind} and one by Mr Lydekker on the Siwahk Carnivora. 
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Museum —The collections in the museum are in good preservation Mr, 
Mallet’s descriptive catalogue of the systematic series of minerals ■was issued 
xu May, also, in December, his Guide to the Economic Mineral Products, giving 
• a veiy mstruQtive account of each class of substance, its use pnd distribution, 
with reference to the specimens in the cases The foreign and Indian samples 
are placed separately in the several classes, as are also the samplos from the 
different provinces of India 

Library —The additions to the library were 1,597 volumes # or parts of volumes, 
740 by purchase and 857 by donation or exchange Numerous valuable offers of 
exchange for the publications of the Survey were received and accepted, with the 
sanction of Government I am glad to be able to say that the promise made in 
last year’s report has been fulfilled, the catalogue of the library is now at the 
press But for the unflagging exertions of our librarian, Mr W R Bion, this 
could not have been accomplished, in addition to his already sufficient outies as 
Registrar, he has devoted many spare hours of holiday time to preparing and 

.arranging the slips for the library catalogue 
» Seismometnc observations —With the co-operation of Mr H F Blanford, 

Meteorological Reporter to Government, some simple seismometnc instruments 
have now been set up at Silchar, Sibsagor, and Shillong, forming a minimum 
group for the determination of centres of disturbance m the Assam region 

Personnel —Mr Hacket was absent on furlough throughout the year, and 
Dr Feistmantel went on furlough on the 28th March Mr Wynne left India on 
medical certificate on the 17th March 1880, and after repeated extensions of 
sick leave he had finally to be invalided, retiring from the service on 11th April 
1883 When he joined in November 1862 he had had several yews’ experience 
on the geological survey in Ireland In India some choice fields of work fell to 
him, such as Cutch (Kach) and the Salt-range, of which he has left well illustrated 
descriptions m our Memoirs Mr Lydekker too has not returned from the special 
leave taken m February 1882, having obtained extension of leave for 14 
months without pay he resigned his appointment under an arrangement that 
permits of his completing the work he had in han^ He joined the Survey in 
November 1874, and his short career m India has been a very busy one As 
soon as our collections were moved to the new museum and amalgamated with those 
of the Asiatic Society of Bengal, he undertook the arrangement and description of 
the extensive senes of tertiary vertebrate fossils, large additions to which were 
•mn.<3a by Mr Theobald in the Punjab Mr Lydekker’s descnption of the Siwalik 
fauna m the Pal»&ntologia Indica will form m enduring record of his zeal and 
ability Two new assistants joined the Survey on the 28th December—Mr 
Edward James Jones, A S R M , and Mr. Charles Stewart Middlemiss, A B 
(Cantab) They have gone to be broken-m to camp life, Mr Jones, with Mr 
Hughes in south Rewah, and Mr Middlemiss, with Mr Oldham in the Himalaya 

H B MEDLICOTT, 

, Superintendent, Geological Survey of India 
Calcutta, ^ 

The 22nd January 1884 
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List of Societies and other Institutions from which Publications have been received 
m donation or exchange," for the Library of the Geological Survey of India, 
during the year 1883 


Amsterdam —Netherlands Colonial Department 
Ballaabat —School of Mines 

Basel —Natural History Society 
Batavia —Batavian Society of Arts and Sciences 
Belfast —Natural History Society < 

Berlin —German Geological Society 

„ Boyal Prussian Academy of Science 

Bologna —Committee, International Geological Commission. 

„ Geological Institute 

International Geological Congress 
,—Bombay Branch, Boyal Asiatic Society t 

—American Academy of Arts and Sciences 
Society of Natural History 
—Silesian Society of Natural History 
—Bristol Naturalists’ Society 
—Geological Society of Belgium 
Boyal Academy of Science, Belgium 
Boyal Geographical Society of Belgium. 

Boyal Malacologies! Society 
Boyal Natural HiBtory Museum of Belgium. 

—Geological Institute, Hungary 
—Society of Natural Sciences 
—Linnean Society of Normandy 
—Agricultural and Horticultural Society 
Asiatio Society of Bengal 

Calcutta Exhibition of Indian Arts and Manufactures 
Economic Museum 

Jeypore Exhibition for Indian Raw Produce, Arts and 
Manufactures 

Meteorological Department, Government of India 
—Philosophical Society 
—Museum of Comparative Zoology 
—Society of Natural History • 

—Editorial Committee, Norwegian North Atlantic Expedi¬ 
tion 

—Royal Danish Academy 
—Great Trigonometrical Survey of India 
—Academy of Sciences 
—Isis Society 

—Boyal Geological Society of Ireland. 

Boyal Irish Aoademy 


» 

Bombay, 

Boston 

99 

Breslau 

Bristol 

Brussels 

>» 

»» 

»» 0 
>» 

Budapest 

Buffalo 

Caen 

Calcutta 

tf 

n 

V 

99 

99 

Cambridge 
Cambridge, Mass 
Cassel 
Christiania 

Copenhagen 
Dbhra Dun 
Dijon 
Dresden 
Dublin 

99 
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Edinburgh —Royal Scottish Society of Arts 
„ Royal Society of Edinburgh 

Geneva. —Physical and Natural History Society 
Glarus —Swiss Society of Natural Science 
Glasgow —Glasgow University 
„ Philosophical Society 

Gottingen— Royal Society 

Halle —Leopoldino Academy 
„ Natural History Society 

Harrisburg —Geological Survey of Pennsylvania 
Hobart Town —Royal Society of Tasmania 

Konigsburg —P by sikahsch-okonomischen Gesellschaft 
Lausanne —Vaudois Society of Natural Science 
Liverpool —Geological Sooiety 


London 

—Geological Society 

99 

Iron and Steel Institute 

11 

Journal of Science 

11 

Lmnean Society 

11 

Royal Asiatic Society of Great Britain and Ireland 

11 

Royal Geographical Society 

11 

Royal Institute of Great Britain 

11 

Royal Society 

• 

99 

Society of Arts 

99 

Zoological Society 

Lyons 

—Association of Natural Sciences 

99 

Museum of Natural Science 


Madras —Literaiy Society 
Madrid —Geographical Society 
Manchester —Geological Society 
Melbourne —Mining Department, Victoria , 

„ Royal Society of Victoria. 

Milan —Italian Society of Natural Science 
Minneapolis —Minnesota Academy of Natural Sciences 
Moscow —Imperial Society of Naturalists 
Munich —Royal Bavarian Academy 
Neuchatel —Society of Natural Sciences 
Newcastle-on-Tynb —North of England Institute of Mining and Mechamoal 
• Engineers 

New Haven —American Journal of Scienoe 
New Zealand —Museum of New Zealand * 

Paris —Geological Society of France 
, „ Mining Department 

Philadelphia —Academy of Natural Sciences 

„ Amencsp Philosophical Society 

„ Franklin Institute > 

Fisa —Society of Natural Sciences, Toscany. 
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Plymouih —Royal Geological Society of Cornwall 
Rome —R Acoademia dei Lmcei 

„ Royal Geological Commission of Italy 
Roopkbe —Thomason College of Civil Engineering c 
St Peikrsburg —Geological Commission of the Russian Empire 
„ Imperial Academy of Sciences 

Salem, mass —American Association for the Advancement of Scienoe 
„ t Peabody Academy of Science 
Simla —Quartermaster General's Department, India 
Singapore —Straits Branch, Royal Asiatic Society 
Stockholm —Geological Survey of Sweden 
Sydney —Australian Museum 

„ Royal Society of New South Wales 
Toronto —Canadian Institute 

Turin —Royal Academy of Sciences 
Vienna —Imperial Academy of Sciences 
„ Imperial Geological Institute 

Washington —Department of Agriculture 
„ Smithsonian Institute 

„ United States Geographical Survey west of the 100th Meri¬ 

dian 

„ United States Geological Survey. 

Wellington —New Zealand Institute 
Yokohama —German Naturalists’ Society 
York —Yorkshire Philosophical Society 
The Governments of Bombay, Madras, North-Western Provinces and Oudh, 
and the Punjab 

Chief Commissioners of Assam, British Burma, and Central Provinces 

The Commissioner of Northern India, Salt Revenue 

The Resident at Hyderabad 

The Comptroller General 

The Surveyor General of India 

The Superintendent of Government Farms, Madras 

Departments of Revenue and Agriculture, Foreign, and Home 


Considerations on the Smooth-water Anchorages, or Mud Banks of Narrakal and 
Alleppy on the Travancore Coast By W King, B A, D Sc, Deputy Supenn. 
tendent , Geological Survey of India, ( With a map ) 

•From time immemorial two anchorages on the west coast of Southern India 
have been known to manners as presenting the marvellous feature of being 
perfectly quiet and smooth, while the sea outside jnay be tumbling in before the 
gales of the south-west monsoon The bottom, or ground, of these anchorages is 
alse peculiar in being a very fine, soft, unctuous mud, which has over and over 



15 


part 1 ] Kino Smooth-water Anchorages. 

• 

again been supposed to act as a harrier against which the force of the waves was 
expended 

In these quiet roads, ships are not only able to fide safely, but, so it is said, 
A can sometimes take m water alongside, the sea beneath them being so diluted 
with fresh watfcr from inland sources at this particular seasoh Not only is 
there this wonderful quietness of the sea, but at times on one of the banks the 
smooth surface may be broken by burstings up, or huge bubbles—“ cones ” as 
they have been called—of water or mud from the sea bed, and even roots and 
trunks are reported to have floated up with these ebullitions Yet, again, the 
banks of mud are not fixed m position, but move along the coast within ranges 
of Borne miles m extent, or one of them may remain comparatively stationary, 
while the other may move, and these movements do not take place year by year 
as having a relation to the monsoon periods, but continue over many years 

Unfortunately no continued senes of systematic observations has ever been 
made with reference to these phenomena, so that no satisfactory conclusions could: 
be formed as to their ongm or causes From time to time, however, observations 
-have been made, and suggestions offered, m explanation of them, some of which 
% Tfhen looked into are very plausible, and may indeed be the nght ones There is 
no doubt, however, that certain of these observations require corroboration , and 
with a view to this, the present paper—practically a compilation of previous 
knowledge—is now put forward 

Within the last few years these banks have once more attracted attention 
first m a commission of enquiry into the harbours on the west coast m 1881, con¬ 
ducted by the then Superintending Engineer (Colonel R H Sankey, R E , C B ) 
for Madras, and next by Mr Logan, the Acting Resident of Travancore, m his 
Administration Report for 1881-82 The Harbour Commission was carried on 
early in the year, when the conditions of the weather were altogether unfavour¬ 
able to any exhibition of the features of these anchorages, the sea being generally 
quite calm, but I was enabled then to obtain some specimens of tho mud An 
analysis of this showed its oily constitution, and thus some of the obscurity 
surrounding the action of the mud was cleared off Subsequently Mr Logan’s 
evident great interest m the matter led to the writing of a paper by Mr Rohde, 
the Commercial Agent of Alleppy, which throws greater light on other features 
of the phenomena 

By all accounts there are other but quite insignificant patches of smooth 
water and mud bank at various points along the Travancore and Malabar coasts, 
but those best marked and most generally known are near Cochin and Alleppy 
There is na well-defined situation for either of these banks on account of their 
movements to the North or South That near Cochin or the Narrakal bank may 
be said to lie between Cochin and the Cranganore mver, Ilf miles to the north, 
or the range over which it has been observed dunng the last 200 years is about 
11 } miles it does not appear to have ever passed south of the northern spit 
of the opening of the great backwater at Cochin, and for many years its position 
has been about the middle of the range, between the villages of Nairumbalum 
and Veearrakull (Narrakal) tfhe other bank, 40 miles or so to the south of this, 
ranges from a mile or two north of Aulopolay (Alleppy) to Poracaud, a distance 
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of 12 or 15 miles it is now, and has been for several years, at the southern 
end of this range, and indeed goes often by the name of the Poracand mud 
bank * 

The term ‘ Mnd Bay ’ has been applied by writers and explorers to both 
anchorages, though there is no bay feature about either of them now An 
explanation of the use of the word ‘ bay’ will be found m one of the extracts 
given further on 

The mud banks are situated close along the beach, but extend out to seaward 
for some miles, presenting a more or less semi circular or flat crescentic convex 
edge to the long rollers and tumbling waves of monsoony weather Thus it is 
quite easy for boats or small canoes to put off from the shore 

Ordinarily, during the non-prevalence of the monsoon, the sea is tolerably 
smooth, only rolling on the shore with more or less of a surf, and then these 
patches are only to be distinguished by the soundings of mud below them Even 
when the monsoon bursts, it is said that they are not always distinguishable at 
once, but generally only after a few days or so when the whole sea line has been 
affected and the mud at these particular places stirred up After this the muddy 
waters will calm down and so remain for the lest of the monsoon 

The mud itself is essentially characteristic, and, as far as my limited experi¬ 
ence goes of muds along this coast, unique It is, when brought up, of a 
decided dark-green colour, slightly tinged with brown, exceedingly finem texture, 
only slightly gntty at times from fragments of commmnted shells, very soft 
and oily feeling, altogether just like a very fine soft ointment or pomatum 
After a tame it dnes and hardens, loses its oily feel, and becomes harsh like 
an ordinary mud It is easily stirred up on the bank, being m its upper part of 
great liquidity, the lead or the boat pole sinking into it, from 3 to 6 feet below, 
it is more compact, and still deeper forms a good holding ground foi anchors 
It has always been described as havgm a slimy or oily consistency, but that it 
actually contained oil has, I believe, only been surmised by a few observers, indeed, 
as will be seen further on, one scientific observer rather scouts the idea There 
is no doubt, however, that it does contain oil in appreciable quantity, as ascer¬ 
tained by analyses of the specimens obtained m January 1881, and sent up then 
to the Survey laboratory in Calcutta 

The specimens sent up were as follows — 

1017 Mud, off the Cochin nver mouth, 4 fathoms 

1018 Mud, from the Narrakal bank, 4 miles north, close m shore 

1020 Mud, from Narrakah bank, off pier head, 2 fathoms 

1019 Mud, from Poraoaud bank, 7 miles south of Alleppy, 1 mile from 

shore, 2| fathoms 

1021 Mud from Poracaud bank, 7 miles south of Alleppy, 2£ miles from 

shore, 4 fathoms 

My colleague, Mr F B Mallet, who made the assays, writes — 

" AH gave off, when subjected to distillation, some brownish yellow oily matter lighter th en 
water, and looking not unlike petroleum No 1019 gave off the largest quantity, 1017 nearly as 
mhch, 1021 a smaller amount, 1020 very little, and 1018 almost none 1019 and 1031 were 
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digested with ether, which extracted a small quantity of brownish yeUow greasy matter from 
them, the other samples were not tried m this way 

“ The quantities of mud sent were too small to allow of tip oily matter (which m the case of 
£019 only amounted to a drop or two) being subjected to examination ” 

A further p'oiut about the constitution of these muds is thht they contain 
a considerable quantity of foramcmferal and infusorial remains, which were 
described by the late Captain Jesse Mitchell, Superintendent of the Government 
Central Museum, Madras ' The foiamemfera are referred to the genus Rota- 
hna (D’Orbigny) , and the Diatomaco® are snmmanzed as Containing m all 62 
species belonging to 30 genera He also says that tbo mud first received bad a 
brown colour, but that a second supply, which was quite wet, bad a somewhat 
greenish tinge, the colour depending on the quantity of water present Some, 
which had been exposed for seveial days to the sun, became almost white 

I will now proceed to lay before the reader the further published information 
regarding these phenomena, and the theories as to their origin 

Alfyppy-Poracaud bank —The earliest account dates as far back as 1678 to 
>723, in an extract from Hamilton’s account of the East Indies in Pinkerton ’b 
'C ollection of Voyages and Travels,* which is given in the Administration Repoit 
for Travoncore, 1860 


“ Mud Bay is a place that, I believe, few can par illel in the world it lies on the shore of 
St Andrea, about half a league out m the sea, and is open to the wide ocean, and lias neither 
Island nor bank to break off the foice of the billows which come rolling with greut violence on 
ull parts of thflkConst in the Sonth West monsoon, but on the hank of mad, loso themselves m a 
moment, and Bhips lie on it, os secure as m the best harbour without motion or distnrhanco it 
roaches about a mile long shore, aud has shifted fiom the northward in 30 yeais about thieo miles 
"AMS note has the following remark —fins singular accumulation of mud still exists, and 
still affords the same convenience foi anchor ige in the worst woatlier The present neeount 
was published in 1723 and now m 1825 The mad bank has shitted fiom St Andrea in N Lai 90° 
40' to Foonaganot in N Lat 90° 2a', being 15 miles m 102 years ” 


Mr Maltby (then Resident) adds 

The mud bank now (1860) is m latitude 9(f 28 30" 

The next account I can find is of much later date, m*“ Notes of an excursion 
along tho Tiavancore Backwater,” by Captain Hebef Drury, 45th N I, dated 
1858 


« Alleppey,* Aulopolay, or Alapushe, as it has been variously named is the piescnt commercial poi t 
of Travancore, and the principal depdt for bait, Caidamoms, Popper, leak wood, aud other pioducts 
of the country It is reached by a canal leading iioin the backwater nearly duo west, the length 
hfipg about 3 miles 11 •••*******••* 

“ Important as Alleppey is to the Travancore Government as a commercial depdt, from the facility 
of an inland wator communication, which enables the foiest products to be brought to the very 
doors of the godowns established for their reception, yet undoubtedly its gieatest advantage as an 
emporium arises from the singular natuial breakwater formed fn the open loadstead, and which 
consists of a long and wide bank of mud, the effect of which is so completely to break tho force of 
the houses (fie), that large vessels m the stormiest weather can securely anchor in tho open roajls, 

1 Jour, Madras, Lit and Sec, XXII, N 8 6, p 264, et seq 

9 Beet XIII, Public Works of Travancore Proceedings of the Madras Government, 1861 
Published also in the Madras Jour Lit and Sci, XXII, N S 6, p 127, et seq 
* Madras Jour, Lit and Sci, XIX, N 8 8, p 217, et seq 
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where the water is as calm as a mill pond It is this extraordinary deposit which has earned for 
Alleppey the name of “ mud bay ” The origin of this deposition of so large a quantity of mud in 
the open sea about two or three miles from the shore, and so many miles from any bar or outlet 
from the backwater has nevor been satisfactorily accounted for From the circumstance of there 
being no natural outlet fox the vast accumulation of waters which are poured down from the 
various mountain streams into the basin of the backwater nearer than thirty six miles on cither side, 
it is not improbable that there exists a subterraneous channel communicating with the sea from the 
backwater through which the large quantity of mud is carried off and thiown up again by the 
sea in the form of a bank Bung subject to tidal action the bauk is more or less shifting it 
certain seasons, but nov* to a material extent It imparts a dirty-blown colour to tho watei for a 
considerable distance, and close to the shore the water is usually of a thickish consistency, being 
deep’y impregnated with mud and slime ” 

Mr Crawford, tlie then Commercial Agent at Alleppy, thus reports to tho 
Resident of Travancore—date, 20th June 1860 1 — 

“ Lieut Taj lor attributes smoothness of the water to the soft mud at the bottom, which 
when ‘ stired up by a heavy swell from seaward the activity of the waves is so deadened as to 
render the shore lme free from surf ’ I rogret never having met Lieutenant Taylor , 

“A number of years ago, I brought to the notice of General Cullen, that the perfect smootl 
ness of the water m the roads and at the beaoh at Alleppey was attubutable, not to the softness 
of the mud at the bottom, so much as the fact of the existence of a subterranean passage ox 
stieam, or a succession of them, which communicating with some of the nvors mlund and 
backwater become mote active aftei heavy rams,** particularly at the commencement of tho 
monsoon, than in the diy season, m carrying off tho accumulating water, and with it vast qnan 
titles of soft mud General Cullen, the Resident, sent a quantity of piping aud boring apparatus 
in order to test tho existence or otherwise of what I hod urged Accotdtngly, I sunk pipes about 
700 jaids east from tho beach and at between 60 and 60 feet depth and after going through a 
crust of chocolate colored sandstone or a conglomerate mixture of that and lignite, the shafting 
ran suddenly down to 80 feet, fortunately it had been attached to a piece of chain, oi it would 
have been lost altogether Several buckets fiom this dopth were brought up, which corresponded 
in eveiy respect with that thrown up by tho babbles as they burst at the beach, which I shall here 
try to describe as accurately as I can Due west of the Flagstaff and for several miles south, 
but not north of that, the beach will after or during tbeso rams suddenly subside, leaving a long 
tract of fissure varying from 40 to 100 or 120 yards in length , the subsidence is not so qmck at 
first, but when the cone of mud once gets above the water the fall is as much as 5 feet m some 
instances, when the cone hursts, throwing up immense quantities of soft soapy mud, and blue 
mud of considerable consistence m tho form of boulders, with fiesh water, debris of vegetable 
matter, decayed, and m some instances green and fresh These bubbles are not confined to the 
seaboard, but are, I am inclined to think both moie active and numerous in the bed of the roads 
with the Flagstaff bearing from E N E to the South, until it bears HE by N, or even 
South of that About five years ago for about 4 miles down the coast and from the beach 
out to sea for a mile and a half, the sea was nothing but liquid mud, the fish died, and as these 
cones reared their heads above the surrounding mud, they would occasionally turn ovoi a dead 
Porpoise 5 and numerous other fish tho boatmen had considerable difficulty in uigmg their 
canoes through this to get outside of it, the bench and roads presented then a singular 
appearance - nothing to he seen bift these miniature volcauoos, some silent, others active, pet feet 
stillness of all around the Bhips m the roads he if m some dock, with a heavy sea breaking at 
7 fpthoms outside 

"There are numerous deep holes, some of them 1 measured m 1862, one in paiticubu just at 

* Madras Jour Lit. and Sci,XXII,H S 6,pp 188*186 

* A note iB appended to thte by Mr F N Maltby, the then Resident —"Porpoises are 
very numerous in the backwater, 1 ' 
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the end of this canal 1 hnd as much as 60 feet m depth These holes may or may not communicate 
directly with the roads, but I think it will be found that the principal sources of active commum 
cation is more inland, and the backwater perhaps only a« auxiliary About 3 miles above 
jDhenganoor [16 miles east of Porncnnd], m the nvei of that name, there is one or two deep 
“ Linus,” which 1 Only had an opportunity of visiting twice, the first time, fluid not the means 
of ascertaining tlio depth, the next, 1 lost both lead and line 

“ The depth of this passage 3 is not so great as you approach the beach as noticed above, for 
While extending the canal from the Timber Depot in Mai ch last, about 200 yaids from tbe beach 
at 12 feet, we suddenly and unexpectedly broke through tho substratum, when a column, fresh 
water, mud and vegetable debris, and about 9 inches m dinmetci, spouted up, which when left 
alone, gradually subsided as the upper stratum of sand filled m round the column of the spring 
“1 submit tbe above information as I feel it will be interesting, both to yourself and Govern 
ment, to pursue the investigation of this subject more efficiently I have omitted to state one 
important particular,—that is, should no rain fall, as has been the case this year, the sea m the 
roads and at the beach is not nearly so smooth, up to this time we havo had none of the mud cones 
bursting at the beach, neither in the roads, as the waves tumble m peifectly clear tbeie was a 
heavy Buif from the 26th ultimo to 9th instant, but never m any instance for those last 11 years 
bns tlieyain held off so long os m this, and the roads vnd boach have always by the end of May been 
perfectly smooth To illustrate the perfect smoothness of the roads after tbe monsoon has fairly 
«sct m, a ludtcious event which occurred two jears ago will suffice During a heavy westerly 
gfilc of wind m May 1858, a ship had to call at Alleppy for pepper bound to London The Captain, 
wlio bad been frequently boro before, sighted the light at midnight, and ran from tho heavy 
sea into the smooth water of the road The small sad they had set was soon stowed and the anchor 
got readv, the leadsman being told to report when he got into 4£ fathoms Time elapsed, and 
considering tho strong gale that was then blowing right on to the shore, the ship should have been 
in that water long before, but to evoiy enquiry of tho Captain ‘6 fathoms* was reported, until 
he took the lead lino in his own hand, and discovered, for the first tune, that the ship was aground 1 
The anchor was let go, and notwithstanding the distance she had over run, she swang at once 
to the wind, and remained all night until the next afternoon, when the wind drawing more 
to the northward she made sail and Btood out to the proper anchorage, remaining there, as she 
did when aground, still as m tho London docks 

" The fall of ram up to this time is only inches since April, and fiom the 1st of January 
13 inches only ” 

The latest notice * is that of Mr Rohde, the present Commercial Agent at 
Alleppy 

“This anchorage known to the pionocrs of commerce as Mud Bay is only appaiont m the 
S W monsoon, and m 1849 its southern limit was i mile N of Alloppy, since wmch date 
it has steadily shifted to the South, and for the last 3 years has decreased in area each mon 
soon Tho ouginal theoiy seems to have been that the bank travelled year by year southwards 
and then suddenly resumed its original place, but from the various observations taken, this seems 
to be an error, and from the notes 1 have made during my 13 years residence on the Malabar Coast, 
1 believe that Mr Crawford, the former Commercial Agegt and Master Attendant of Alleppy, and 
who, m addition to 30 years’ residence m Alleppy, had previous nautical expeuence of the coast, 
was correct in his conclusion that the bank of mud is created by the hydraulic pressure caused 
by tbe level of the vast backwater being, m tho S W monsoon, some 4 feet highoi than the 
sea It has been proved by boring that although Alleppy appears to be one vast sand tract 

it has at a depth of 60 feet * a soft mud foundation, and both Mr 
flagHtnff ri 80fflc^felfH-! > no r iM l B e Crawford and I have seen mud volcanoes bursting tip in the sea during 

tho lamy season Those that I have witnessed only appeared as if 
• 

1 A short onnal connects the backwater witli the bench ** 

The supposed underground passage — W K 

Para 231 of Report on the Administration of Travancore for tho yonr 1881 82 (YV Logan) 
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This may explain the 
Alloppy bank hut Narrakal 
is fixed I think, however,he 
is right t 

onginal position it is a 


This 

deuce 


a haw el of oil liad sudden! jr been started below tlie surface, but Mr Cr&wfoid has seen some burst 

and throw up roots and trunks of trees, and it would appear that 
the myd bank thus formed is gradually carried down the coast by the 
littoral currents, and after a certain distance has been travelled, gra 
dually wastes away, and that in place of this bank returning to its 
fresh mud bank that is thrown up at certain periods in the vicinity of 
Alloppy, which, it should be noted, has the narrowest sti ip of land between the backwater and the 
sta 1 he theory that the mud bank is immediately connected with and dno to the height of the 
backwater being above the sea was, I thunk, conclusively proved this monsoon, as at the height of 
the Hoods, when tl c Inals weie 6 foot above ordinal y level, the area of the smooth water oil 
Alleppy vi as so great that it was only by means of a good telescope and standing 20 feet above 

sea level that I could see the breakers and heavy rollers beyond the 
very good evi half circle of smooth water This flood was on tho 13th June and 
was followed by a rapid fall, and tho half circle of smooth water of 
the sea beach contracted as tho w aters fell The floods again rose inland, and the smooth water 
cude expanded in proportion 

“ The mud itself is of a peculiar character and so soft that a light lead (4 lbs) pnt over the end 
of a pier apparently shows 2 fathoms of water, but on drawing up the line, 6 feet is foupd to be 
w ater and 6 feet soft oily mnd *• «. 

" There are other points which, although I do not profess to sufficient scientific knowledge to ✓ 
show the connection between, with tlie mud bank, I tlunk should be noted, as this natural smooth 
water anchorage has been a source of much discussion m scientific circles, and I believe that any 
notes given of tlio formation of tho land must be of interest 

“ I cannot give datcB ns 1 have no records, but it is certain that the coast from abont north 
of Calicut to sonth of Quilon was once well above fbe level of the sea, and was after a long period 
totally submerged and then again was thrown up by volcanic action and has again'been partially 
covered by sea I state this because m cutting tho Warkilli tunnel, trees were found, and also 
shells have been found on the coast which are known to belong to a class of shell fish that only 
live in very deep water ltemnants of a fort at Poracaud were visible 30 years ago, and at Calicut 
and Vypecn massive buildings arc now in tlie sea 

“ Secondly, I should note tlmt deep pot holes exist m the big lake East of Alleppy of from 
20 to 70 feet m depth, which, seeing that lake is for the most part only a few feet deep, is a 
cunous cacumstance and would tend to strengthen the belief that I have heat d expressed, that 
subterranean nvers connect the backwater with the sen 

“ The area of the lake to jvhicli 1 lefti is nearly 100 square miles, and its nearest point to the 
sea, 8 miles With a rise of 4 feet, or as oocurred m the floods of 1882, of 6 feet, it can be easily 
believed that the enormous pressure thus caused would force relief ways for itself below the coast 
line through soft mud easier than through ground which is densely covered with cocoanut trees, 
the fibrous roots of which bind the ground into a solid mass 

" A similar mud bank existB off Narrakal, and I have often heard it put forward as an argu 
mont that mud banks on this coast do not shift, bat I think the steadi* 
ness of tlie bank off Narrakal is due to tho enormous body of water 
which ponrstpnt 6 miles south from the Cochin harbour and which 
scour, throws up sand hanks which probably tend to prevent the shift 
mg that would otherwise take place 
« Other smaller mnd banks ocoer at different places, bnt are of too small an area to be available 
for any shipping business, bnt they all show a progressive tendency southwards ” 

Narrakal, or Ooohm, Bank —The only information I can find concerning t.biq 
bank is from two papers in tbe Madras Journal of Literature and Science, 1 by 
Dr. Day and Captain Mitchell. 


I would rather ear the sand 
banks at mouth o! Cranga- 
nore river prevent the 
littoral current—N to S -* 
from carrying it away 

W I» 


i Vol XXII, N S 6, pp 260 and 284,—*1861, " Namkal or Cochin Mud Bank.” By Francis 
Day, Civil Surgeon, Cochin, and "The Mud Bank at Namkal, near Cochin, its composition, as 
exhibited by the microscope.” By Lieutenant J Mitchell 
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In the first, the following extract is given from Stavonnus, the Dntch Navi¬ 
gator, who so for hack as 1777 wrote — 

" Coast is safe and clear everywhere along the Company’s establishment, except at the 
• month of the nver of Cranganoor, where there is a reef at the north side which stretches out to 
the sea, about three quarters of a league, it is eallLd the reef of Aycotia by our Navigators, before 
Coylang (Quilon) there is n similar one but which does not extend half so far out South of the 
above mentioned mouth of the nver of Cranganoor, there is a bay, formed by mud banks like 
wise one not far from Porca, and another south of Cochin the banks forming which extend 
full a league out to sea, and into which vessels may run with safety during the bad monsoon, 
and may lie in twenty and less feet of water, almost without anohors or cables, m perfect security 
against theheSvy seas, which then roll in upon this lee shore, as they break their force upon the 
soft mud banks, and within them nothing but a slight motion is perceived ” 

Dr Day continues — 

“ In Horsburgh’s East Indian Directory, fifth edition 1841, page 512, it is stated under tho 
head of Cranganoor Port—* From the south point (of Aycotia or Cranganoor nver) a mud bank 
with 3 fathoms on it, projects out near two miles to seaward ’ 

“ From the foregoing it appears that a bay protected by mud banks existed between the 
moutlf of the Cranganoor river towards Cochm in 1777 and then appears to have been 
^ well known At present, the same protected spot exists, but it is no longer a bay, and for 
the following reason Though the northern projection of the coast at the mouth of the Cran 
ganoor river, forming the northern extremity of the 'mud bay,* is still present, the southern 
projection, or that between Narrikal and the mouth of the Cochin river, is gone, having m f ict 
been covered by the Ben (at this place a church stood, which is now submerged) had it not been 
«o, a 'mud bay’ would still bo piesent. It is cunouB that this law of encroachments of the sea 
is now the rale on the Western Coast, because tradition 1 and an examination of the geology of 
the country both lead to the conclusion that the sea formerly washed up to the Western Gli&uts, 
thus Malabar has been literally raised from the sea • 

“ During the south west monsoon, the nveis on the Western Coast swell to a great extent, 
and become loaded with alluvial deposits Should any obstruction occur nt their outlets, 
deposits sometimes take place, as at the Cranganoor and Quilon rivers, where mud bankB have 
been so formed Whether the impediment to the alluvial deposit being carried out to sea is 
merely owing to the action of the S W monsoon causing a great impetus to the waves ns 
they meet the nver at its exit, or whether other causes also obtain, must be questioned In 
forming the Narrikal mud bank, a reef of rocks, the Aycotia reef, at the mfiuth of the Cranga 
noor river, appears to have prevented the S W monsoon from causing a diveigence of tho 
river’s mouth to the northward (ns invariably takes place on ftie western coast unless that bank 
is protected), this reef (Aycotia) has probably assisted m the formation of the Narrikal, or, more 
properly speaking, the Cranganoor mud banks 

"The whole of the long islands, between the backwater and the sea, are evidently merely 
alluvial deposits, brought down by the various nveis m thoir course from the Western Gli&uts 
The direction of these mud banks being the same as the long islands and the character of the boiI 
being similar, demonstrates the causes of their origin tg be probably identical In short, the mud 
banks are alldml matter, brought down by the rivers and deposited in the sea where it meets the 
force of the S W monsoon * 

" Though Narrikal owing to its being the nearest plaqp to Cochin is mentioned, the density 
of the water is greater proceeding towards the Cranganoor nver It becomes very thick and 
black, and large pieces of flat hard mud begin to be perceived lying on the shore, about one mile 
• • 

1 " In a MSS account of Malabar, by Hernan Lopez de Castaneda, m 1525, it is said 

that little more than 2,300 years ago the sea came np to the Western Gh&uts ’’—(Note by Dr 
Day ) 

■ « Dunng the S W monsoon, the sen for several miles beyond the entrance of the larger 
rivers u no longer salt ”—(Note by Dr Day ) ** 
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north of Nnrnkal, having ^een thrown up by the sea Passing on towards Cranganoor, a laige 
bank of the some substance exists, evidently brought down by the nver, and this is one source 
from which the mud buy receives a fresh supply " 

* * * * * • • * * * “ No gases arise from the water, nor 

oily substance (as hss been suggested) floats upon it It is simply the action,of the sea which ' 
prevents the subsidence of the mud, for as soon ns placed m a still vessel it sinks The Bhore is 
sandy, but amongst the sand alluvial deposit exists The smoothness of the sea is well described 
by Stavoimus ” 

****•“ The mud has an unctuous sticky feeling, and is not gritty unless 
mixed with sand It is *of a very dark greenish coloui, lius but a slight odour and subsides in 
water—Cochin, 6th September 1861 " 


I have already referred to the organisms described m Captain Mitchell’s 
paper, hut he thus writes of the banks and the mud — 

“ Captain Castor repo ts the existence of an extensive mud flat, which, commencing abont half 
a mile south of the village of Nnrnkal, extends to the north for about four inilos Within this 
space, in the height of the S W Monsoon, he found the sea without a ripple' But the 
greatest stillness of the sea and the total absence of suif from the beach prevailed between a 
village named Narambolum and Narnkal a distance of about ono and a half miles,—at tins' point 
Cnptam Castor was always nble to embaik from the beach in a small canoe 

“ The mud appeared to bo exceedingly soft and permitted a 7 lb lead to penetrate it to the 
depth of three feet m some parts where there was a superstratum of from six to ten feet of 
water Beyond the depth of sixteen feet the bottom attains greater consistence and appears 
good holding ground Three miles and a half from the shore the depth was five and a half 
fathoms and giadunlly shoaled towards the shore We«ro left to conclude that the bunk extends 
to that distance from the shore, but this is not distinctly stated m the published account 

“ The small quantity sent to use was damp, and appeared very firm nnd tenacious, it had, 
however, been somewhat compressed by the waterpioof wrapper m which it was packed To 
ascertain if it contained any minute shells a portion was placed in water, but it did not bicak up 
readily, and os I vished to avoid any violence that wonld destroy such delicate structures, I 
allowed it to soak for twenty four hours On shaking it up at the expiration of that time I 
found that at least half of it could not be separated m that way I therefore pi eased it gently 
with a glass rod, it resisted the pleasure, much in the way that a stiff piece of jelly would do, 
exhibiting considerable elasticity, as well ns tenacity, and it is doubtless these pioperties that 
enable it to break the foice of tlje waves —acting like an immense spring, it yields to their pres 
sure, butm the encounter the water loses its force and becomes quiescent, while tho mud gontly 
expanding again is ready for a fresh encounter ” 

I will now conclude tins descriptive portion of my paper with a short geo¬ 
graphical sketch of the country exhibiting these phenomena,—that is, from the 
Cranganore nver southwards to Quilon This range of coast is about 92 miles 
long it is tolerably straight—without an indentation giving at all the form of a 
bay—except at the extreme ends, whpre, at Cranganore, there is the long southerly 
trending spit of tho northern*side of tho river’s mouth, by all accounts* for I have 
not visited it, a reef perhaps of latente or latentoid rock, and again at Quilon, 
where a sort of bay is formed bj - another great reef of latente or latentoid rock 
belonging to the Cuddalore Sandstones of the Survey classification, or the 
Warkilli beds of local geology Much less is there any indication of a hay near 
Alleppy The fact is, notwithstanding the argument of Dr Day jn the extracts 
given above, the term “ Mud Bay,” which has been applied to both places, may 
perhaps have been adopted for an imaginary bay of smooth water enolosed within 
the semi-circle of breakers outside There is no doubt that a portion of the 
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land neai the Cochin end of the Narrakal bank was submerged, the church which 
stood on it having been known to men now living, but there is, I believe, no 
knowledge of this land having had the form of *a projection like the southern 
*arm of a bay *Be this as it may, the present shore line is a straight one from 
the Cianganoro spit to the Quilon or Tungumshery reefs, and it is low-lying or 
only a few foot abovo the level of the sea, and made up of alluvial deposits and 
•Band Inland from it, the same low lying deposits, broken by backwaters, 
extend eastwards for several miles forming the lowest portion of the low country 
proper of Tjavancore and Cochin Then the ground rises, sometimes suddenly, 
to a low terrace, now much cut up and biokcn by denudation, which forms the 
rest of the low country below the elevated mountain land or backbone of this part 
of Southern India The low country—that is, alluvial flats and inner low terrace 
—seldom attains a greater width than 30 miles 

The long stretch of alluvial deposits bordering the sea is broken by several 
backwaters oi lagoons, the largest ot which is that extending northwards from 
ike^rallcl of Alleppy to, and communicating with, the backwater of Cochin 
^Tho Alleppy backwater is very wide at its southern end, 8 or 9 miles, bat 
it is not directly behind Alleppy, much less behind the Alleppy-Poracaud 
mud bank, though the principal nveis entering it flow northwards bchmd the 
range of this mud bank There is no visible communication between the Alleppy 
backwatei and the sea, there being no river mouth of the least importance all 
along this e-oast, except at the Cochin backwater, and at Cranganore The nvers 
of the country behind Alleppy merely flow into the Alleppy backwater, and, for 
all that can be seen to the contiary, its waters flow out at the*Cochm mouth. 

To all appearance, the flat lands of the coast are entirely recent alluvial 
deposits, consisting of layers of sand and mud overgrown with vegetation, and 
no doubt held together by the loots of this vegetation The water of the lagoons 
is more or less brackish and unfit for drinking, but shallow wells sunk in the 
nairow coast tiacts between lagoon and sea give fresh water It is not, however, 
certain—although it is most probable—that other deposits, besides the merely 
iecent alluvial ones, exist along this coast, foi at tho* Quilon end thero is eveiy 
reason to expect that the Cuddalore sandstones (latente) are underlaid by a peculiar 
set of clays and muds with seams of lignite and other vegetable matter, like those 
exhibited further down the coast at the base of tho Warkilh cliffs 1 It is true that 
the dip of the Warkilli clays and lignite is to the northward, and that they must, or 
ought—provided no disturbance has taken place—to lie deep under tho Tungum¬ 
shery latenip , but Ihis dip is very low, and a Ase of those strata again further to 
the north would not be unusual Certainly the lumps of blue clay, described by 
Mr Crawford as being turned up m the “ cones ’i of mud or water off Alleppy, 
answer to the lumps of clay which have fallen down from the lower part of the 
Warkilli cliffs and tho lumps of hard mud mentioned by Dr Day as occurrjng 
at Narrakal, which I have also seen myself, have a similar constitution and 
looked to me as though they had boon broken off from outcrops in the Narnkal 
sea bed Mr Crawford also mentions his having passed through a “ crust of 


« See Rcc Q S I, Vol XV, pt 2, p 93 
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chocolate-colored sandstone, or a conglomerate mixture of that and lignite,” 
which strata answer very well to certain rocks at Warkilh 

The proper alluvial flats do not extend further east from the shore line than 
14 or 15 miles, end the further inland alluvial flats of the rivers, vhich ver y 
distinct and wide, do not extend further east than 20 or 22 miles thus the abso¬ 
lute head of water which could be obtained m subterranean water-bearing strata 
would never be very high Indeed, for all practical purposes, in this connection, 
the head of water Rooked for m the surmises of previous observers, can only 
be that attained by the flooding of the backwaters 

The term “ volcanic ” has been used occasionally by previous observers, per¬ 
haps rather as a descriptive term than as referring to any volcanic action, but the 
elevation or depression of the land is fully recognized as having taken place 
within comparatively recent periods It is, however, a question whether there 
may not be an intimate connection between some of these earth movements and a 
line of volcanic action which, though now latent, is apparently indicated by the lie 
of the Maldivo and Laccadive groups of coral islands, and yet further norths, the 
“Angnas”and “Direction” banks At the same time, I do not wish to press 
this, possibly to some readers far-fetched, volcanic element into the discussion, 
except in so far as that it may not be lost sight of in future observations Be¬ 
sides, as will be seen, I do not think the observations made up to this time, or 
the theories offered in explanation of them, meet all the features exhibited by 
these Travancore mud banks 

On a close review of the information given in the various papers above quoted, 
it is clear that both banks have practically the same constitution, behave similarly, 
and have the same accompaniments, with the exception of the violent discharges of 
mud or oil, which, so far as our knowledge goes, are confined to the Alleppy- 
Poracaud bank 

In considering first the mud itself of these banks, it is to be remarked that it 
is full of organic matter, and that it contains a sensible amount of oil, some of 
which may have been derived from the decomposition of organisms In all seasons 
it is easily stirred up, and it juever settles down into a uniformly compact deposit, 
but has an upper stratum m a greater state of liquidity than its lower depths 
It occupies particular areas within well-defined ranges of movement, it certainly 
moves from north to south within these ranges, but there is no surety that it 
moves back again This movement continues over periods of years 

Now with regard to the progress southwards ceasing at oertam points, as at the 
northern edge of the Cochin, river mouth and at Poracaud A Satisfactory explan¬ 
ation can, I think, be given for Narrakal, in the Coohm nver, which always 
flows out at a great rate, carry pig the mud out to sea We have no such mode of 
transport evident at Poracaud The southerly movement must be attributed to 
littoral currents acting over long periods on tenacious muds, which may really 
only be evolved m large quantities at intermittent periods Mr Rohde’s sugges¬ 
tion that the mud bank of Alleppy does not travel northwards again, but becomes 
dissipated at the southern extremity of its range, ib very plausible 

Regarding the water over the mud it is only known to calm down during 
the south-west monsoon There is no observation showing how it may be affected 
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in stormy weather at other seasons Still, I was led to un'derstand, when m per¬ 
sonal communication with Mr Crawford 1 m 1881, that the calming of the 
anchorages does not take place until after the monsoon has commenced, and 
* there has beenja stirring up of the sea and mud The quieting «of the waters is 
intensified according to the amount of rainfall during the monsoon, but even 
if no ram fall, there is a certain amount of quiescence The calmness continues 
throughout the monsoon, apparently without any fresh stirring up of the mud 
In one locality at least, the water is subject at times to violent agitation through 
the bursting up of gigantic bubbles of water, mud, or gas,—it is not quite cleai 
which, ana these features also appear to be intensified during heavy rainy wea 
ther in the monsoon periods The water over the banks becomes considerably 
freshened, even to the extent—as I was told by Mr Crawford—of being drink 
able, also according as the monsoon rams are light or heavy At such times, 
also, the water gives off fetid odours, and the fish inhabiting it are killed off m 
large numbors , but whether owing to the freshening of the sea-water, or the exhi- 
hifaarf of poisonous matter and vapour in the water, is not clear porhaps this 
destruction of life may be due to both causes 

The old idea of the mud bank acting as an elastic barrier against which the 
wild seas sank into such marvellous quietude must be given up in part at least, 
now that we have got the more reasonable soother of troubled waters in the oilj 
Constitution of the mud There is, of coarse, the difficulty of citing, or indeed the 
absolute want of, authoritative obseivation of the action of oil on troubled waters , 
but tradition and anecdote are undoubtedly in favour of it, while there are the news 
paper accounts of the experiment which was tried a year or sd ago m the harbour 
of Peterhead, when a stream of oil was cast upon the heavy seas at the harbour's 
mouth with such success, that vessels weie enabled to run m with comparative 
ease Even, while writing the present paper, I have had an opportunity of trying a 
very simple experiment on one of the Calcutta tanks, while a slight breeze nppled 
its surface On throwing in about a wine-glassful of petroleum or earth-oil on the 
lee side of the tank, the oil spread out rapidly over the» water against the breeze , 
the effect was instantaneous and decided, the shai p rypples being quieted down to 
longer smooth undulations, while there was a distinct semi circular edge of the 
oiled water beyond which the ripples kept up their sharper action In another 
place, on the side of the tank past which the breeze was blowing, a handful of tbe 
oil was thrown out on the waters The oil immediately spread itself over the 
water m a thm film, along the outer edge of which the freshening breeze occa¬ 
sionally combed thd wavelets, and within the ftrea of the film the npples were 
smoothed down to quiet and long undulations The effect soon passed off, how¬ 
ever, while the film of oil soon lost its sharpness o| outline, so that it is evident 
if any cozftmued quietness is to be kept up in water with oil, the supply of it 
must be continuous 

In the case of the mud banks, it can easily be conceived how the stirring up 
of the mud in the beginning of the monsoon should produce temporary calmness, 

1 Mr Crawford is now living m retirement on tbe Puxmerd hills of Travancore, and it was 
here 1 bad the pleasure of talking with him about the Alleppy const/M Inch he knows so intimately 
for more than thirtj jears 
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but there is considerable difficulty in accounting for the long continuance of 
quiescence without any fresh stirring up There is certainly the factjthat the 
upper stratum of mud continues in an extreme state of liquidity or attenuation 
in the water, and that thus a sort of restlessness and freeing of oil particles may 
be going on for a long period, but I think we must look to a further supply from 
hidden sources, which are indicated by the more violent burstings forth of water, 
or mud, or oil, m the form of “ cones ” 

An observation which would have been of the greatest use in this enquiry is 
wanting, however, and that is as to the condition of the surface of the water at 
such times, or, in other words, whether a film of oil exists on it 

The amount of oil derivable from the decomposition of the animal and vege¬ 
table mattei of the organisms m the mud would be, I am inclined to think, hardly 
sufficient to account for the features exhibited , hence it is necessary to look to 
other sources for the oil, and even to a source for the continued supply of the 
mud itself, which is evidently earned away and distributed by littoral currents 
The consensus of observation and opinion certainly leads to tho conclusioLjhat 
there is an underground discharge of water at any rate into the sea from the lagoon 
and nver sj stem behind the Allcppy-Poracaud coast dunng flood time, the inland 
waters being at a higher level than the sea The accounts of such a condition of 
affans at the Narrakal bank are, however, not so clear, besides there is the free 
opening at the Cochin nver mouth Still, underground discharges of lessei 
intensity may take place , while the lesser pressure likely to be brought to bear on 
this part of the seaboard may also account for the absence of Violent exhibitions 
like those off Alleppy This passage of underground waters, as suggested by 
Mr Crawford, must then, more particularly during heavy rams, force out largo 
quantities of the mud on which the Alleppy Poracaud land rests,—as it were like 
a floating bog, elastic and capable of yielding to pressure, or exerting pressure by 
its own weight, while a continuous stream, even though very small, of the same 
oil and mud, may be kept up under tho lower pressure of ordinary backwatei 
level Not only* would the underlying sludge and its products be forced out, but 
it is conceivable that the mud from the backwater should find its way mto the 
same vents, and for a time replace that carried off in the first instance, oil and 
gases being absorbed m it during that time of replacement 

Excessive floods m the monsoon time only occur at long intervals, and the 
greater discharges of mud, oil, and gases would then take place, in fact ]ust as 
they really do at irregular intervals At such times new banks might be formed, 
for, dunng the quieter intermediate season the old ones mighthe distnbuted down 
the coast by littoral currents, and become finally dissipated into the dpen sea 
Be this as it may, if Mr Crawford is nght, then the source of the mud is 
evident, and its expulsion froth beneath the Alleppy land is explained at once by 
the hydraulic pressure inland, if it even be only through a head of 6 feet at 
abnormal periods of flood time 

Speculation ot this kind must, however, be kept in abeyance, until further 
evidence is obtainable as to the character of the sludgy stuff under Alleppy, and 
of the muds m the backwater, particularly over the deep holes referred to by 
Mr Crawford, as also of the mud in the sea outside the banks themselves A deep 
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boring at Alleppy itself would clear up much obscurity, and it might tell more of 
the supposed WarkiDi beds 

The presence of petroleum has in any case to be accounted for, and, up to this 
•time, there is nq observation showing that it occurs in any of the, lagoon deposits 
per se There is at the same time an indication of the possibility of other deposits 
besides the alluvial ones, in tho fact that large lumps of clay or compacter mud, 
and vegetable remains m a more or less decayed form, are brought to the surface 
during tho prevalence of the violent ebullitions Mr Crawford, it must not be 
forgotten, al^o mentions his having mot with a chocolate-colored sandstone or a 
conglomerate mixture of that and lignite Such clays do occur in tho Warhilli 
deposits, and they are associated with lignite beds, m which occur trunks and 
roots of trees in every stage of docay, some completely caibomzed, and others so 
fresh that they can be cut up and used for making f ui mture It may then be that 
these Warkilli deposits extend northwards under the Alleppy-Poracaud alluvium, 
and even again at Narrakal, where also fragments of similar clays are thrown up 
by th^'sea, and that it is fiom those deposits as being dooper-seatod, older, and 
lignitiferous that the earth-oil is generated I am even inclined to look furthei 
Iot an agent in the generation of this oil, like that adduced by Mr Mallet in 
his paper on “ The mud volcanoes of Raoin and Cheduba, 1 M whore he suggests 
the possibility of oil and gas being genciatod m ligmtiforous strata under the 
influence of moderate heat arising from a line of volcanic energy, such a lino, 
as I have suggested, possibly lying parallel to the west coast of India 

Howevor, for the present it is best to keep within the sphere of more evident 
causes shown by the observations which have been made Thus, the conclusion 
scorns inevitable, that tho banks, their smoothenmg influence, and their position 
within certain ranges of the coast, may he entirely due to the following causes 
First, the discharge of mud from under the lands of Alleppy-Poiacaud and 
Narrakal, this borng effected by the poieolation or underground passage of lagoon 
water into the sea Second, tho presence in this mud of oily matter, derived 
perhaps m part from the decomposition of oigamsms, bpt principally from the 
distillation of oil in subjacent lignitiferous deposits belonging presumably to 
Warkilli strata Third, the action of littoral currents *which, slowly and through 
long periods of yoars, carry the mud down the coast to certain points whence it is 
dissipated seawards,—by the Quilon river at Narrakal, and at Poiacaud because 
it is there beyond the range of replacement 


Bough notes on Billa Surgam and other caves m the Kumool District, by 
R Banc*, Foors, F G S, Deputy Superintendent, Geological Survey of India 

The following notes embody the results attained up to the present by the 
examination and partial exploration of Billa Surgam and several othei caves in 
Kurnool distnet This work was undertaken at the instance of His Excellency 
the Right Honourable M E Grant Duff, Governor of Madras, who had boon 


1 Rccoids, Q S J, XT, pt 2, p 100 
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requested by Piofessor Huxley to procure the further exploration of “ Bilia 
fcurgam,” a place where the late Captain Newbold, FES, had discovered 
some ossiferous oaves The <caves had been practioally lost sight of for many 
years, and thejr locality was quite unknown to the district^ officials, both* 1 
European and native, and to many of the natives even in the near neigh¬ 
bourhood Captain Newbold’s very brief paper on these caves, published in 
the Journal of the Asiatic Society of Bengal in 1844, 1 was unknown to my 
colleague, Mr King, when he surveyed that region, and remained unknown to 
him (and myself) till after the completion of the work in Kumool district 

My visit to the neighbourhood of BanaganpaJli, which is the nearest place 
of any importance to the caves, resulted m the re-discoveiy of Billa Surgam 
and the fresh discovery of several other caves, one of which is of large size 
and of great interest geologically, as being a very typical example of the solvent 
and eroding action of water w limestone on a large scale 

•a 

Billa Surgam, \ 

, 

Billa Surgam lies on the south side of a narrow valley opening on the east 
mde of the Terra Konda or Bed Hills, the range of low hills and plateaus 
forming the western side of the Kumool basin Its position is a mile north- 
north-east of that assigned to it by Newbold, and it lies 3 miles east-south¬ 
east of Betumcherru (Baitumcherloo) in fhe south-eastern comer of Nandyal 
taluq It may be described as consisting of three deep but very short “ canons” 
joined by natural arches Tho various caves open into the canons at different 
levels The cafions r themselves were once caves of large size, the roofs of which 
have fallen in, in great part The ground plan of the place may, for sake of 
illustration, be compared to a rather distorted figure of 3, the two principal 
caves being situate on the right side of the upper and lower parts of the figure 
The floor of these two caves is considerably above the level of the bed of the stream, 
which m wet weather flows through the cafions These two caves are the only 

The two Bone Caves 01 * ea answenn g to Newbold’s description, both, and 

especially the larger one, are well furnished with stalac¬ 
tites, and in the latter it is probable that a large quantity of stalagmite will be 
found under the present floor In both cases this is formed of a loose blackish- 
grey soil, largely made up of the dropping of birds, bats, and other animals 
The walls of the larger (southern) caves were unfortunately in the occupation 
of a large colony of wild cliff bees, no fewer than 18 nests, several of immense 
size, hung within the eave and (immediately above the plabe where excavation 
should have commenced The presence of such an element of danger a prevented 

1 Note on the Osseous Breccia and Deposit m the eaves of Billa Surgnm, lat 15° 25', long 
78° 15', Soothern India Ity Captain Newbold 

. 9 These cliff bees (Aptg dorsala 7) are of very unreliable temper, and the natives are much 

afraid of them Though often inoffensive, they are sometimes roused and sally forth and attack 
with great fury any human being or animal they may come across When working at the Yerra 
Zart Gabbi (cave), whore there was a very large colony Of bees, they got excited several times 
and swaimed down furiously into the mouth of the cave , luckily their great noiBe gave us 
nerinug and wc could escape into the dark p>ssnges, whither they would not follow At 
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me from commencing there at once, and I began with the femaller northern cave 
uunde which there were no bees’ nests 

This northern oave is 70 to 80 feet high and 32 feet wide at its month, and 
decreases m height to 4 feet, 1 86 feet from*the month Its 
rise nort era extreme end is formed by a small passage, too narrow and 

too low to be followed up by an adult Through this passage and a number of 
pjnn.11 clefts in the sides the mass of red cave earth filling the bottom of the cave 
was doubtless washed in The cave earth as far as excavated ghowed few pebbles 
washed m from above, but masses of limestone, often of large size, have fallen 
from the root in such numbers as to add very greatly to the labour of excavation 


in some parts 

The floor of the cave when I first entered it consisted of a loose blackish-grey 
soil, largely composed of the droppings of blue pigeons and small animals living 
m the cave This layer was thickest at the upper or east end of the cave, and 
thinned out with the slope of the ground westward Its greatest thickness was 
aboufcA feet, and it contained a few traces of human beings having inhabited the 
cave, among them were two small chank shells (Turbmella or Maeza) with the 
afhees of their whorls broken off These had doubtless been the property of a 
Gossain or some other religious mendicant A few bits of broken pottery and one 
or two bits of charred wood were also found in this surface layer In several 
parts of the cave the black soil was found to be full of bones of small animals, 
birds, lizards, frogs, and of exuvi® of insects and mynapoda which appeared to 
be derived from the castings of predacious birds I made a full collection of 
these lor purposes of comparison with the numerous bonerf of small animals, 
which, according to Newbold’s account, abounded in the red cave earth below 3 
These bonos from the upper layer weie in no way fossilized,—indeed many of 
them were quite fresh 

On removing the surface layer a bed of loose loamy red soil was exposed, 
which had at many points been manifestly disturbed, but to no great depth 
Besting on this disturbed surface close to the north wall of the cave at a spot 
21 feet wostward from the mouth of the small passage which forms the east end 
of the cave, was a small number of human bones not mineralized but deprived of 
their animal matter Among the bones, which were all much broken, are frag¬ 
ments of a skull, teeth, nbs, &o 


Billa Surgam, however, there acre no dark passages into which to retreat After some time 1 
succeeded, in getting the nests removed by honey gatherers, bat, despite that, many of the swarms 
showed no inclination to migrate elsewhere, and remained when I left, fully ten days after the 
destruction of their combs Those that left seem to have joined the Yerra Zart Gabbi colony I 
had had 26 large nests destroyed there in hope of getting nd of the inhabitants Many left but 
returned again, and about a month later I found the colony # had increased to 40 nests It is 
mpossible to smoke them out on such high cliffs, and the only way to get nd of them will be to 
blow them up with powder • 

1 The heights given above were those taken before the removal of the cave earth was commenced 
* The day after I commenced excavating at Billa Surgam, a number of people from the ad 
jacent hamlet of Kotal came over to look at my proceedings, and one of them, a very old «w«i, 
volunteered the information that he remembered Newbold’s visit, and thut his excavation was 
made just a little to the west of mine He added that Hewbold reuutinod about three weeks at 
Billa Surgam 
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From the very small number of bones found here, it is more probable tbat 
they were introduced to the cave by some beast of prey than that they were relics 
of a bunal That these caves afford occasional shelter to wild animals at the 
present day, is shown by the fact that most of the narrow passages have been builfr 
up by the villagers to prevent the beasts from remaining permanently I found 
no traces at Billa Surgam of the continued residence of either leopards or 
hyenas, the most common of the larger carmvoia m these parts, though there 
was no reason, judging from the quiet mode in which the cave earth had been 
accumulated, why the Album Greecum formed by those animals should not have 
been preserved, as well as the many minute bones which occur scattered through 
the cave earth 

A little below the surface the cave earth was found to become generally 
clayey, and m parts a very stiff clay Red is the prevail- 
Cburacter of the cave mg colour, and the fallen masses of limestone of all sizes, 
earttl adverted to above, are found distributed throughout and 

give the whole a distinctly bedded appearance No stalagmitio flooring^was 
met with as far as my excavation extended, which was to a depth of 15 foef, 
but several bones were found in the disturbed upper part of the cave whidSf 
appear to have been derived from a stalagmitio breccia I thought at the 
time these might possibly have been specimens lost accidentally during the pro¬ 
gress of Newbold’s excavation, but I did not meet with any other indications of 
exploration It is, however, quite possible that his excavation was mgde on the 
north side of the cave and will be found when further exploration extends thi¬ 
ther My excavation was dnected towards taking out systematically the whole 
mass of cave earth of the southern half down to the rocky floor, and it was 
earned out down to a depth of 14 feet I bogan with the south side as getting 
the most day-light and being therefore the most advantageous for observing the 
section 

I am puzzled to know what Newbold meant by a “ gypseous rock,” unless he 
referred to some kind not met with in the northern cave 

All the bones that were disinterred during my excavations belong, so far as it 
was possible to judge from cursory inspection, to living species, but seeing of what 
great antiquity the caves must be if estimated by the vast amount of denudation 
the country generally has undergone since their formation, there is no prvm&faoig 
reason for doubting the existence of remains of greater geological antiquity m 
the lower parts of the cave deposit 

From the situation of the BillatSurgam caves with regard to the hills adjoining 
and to the stream flowing through the senes of cafions, I 
results^* 18 °* furfchor consider the prospect of really valuable finds very good, and 

would strongly urge a contmuation of the exploration m an 
exhaustive manner The bnghtness and comparative dryness of the oaves must 
have made thez& very suitable retreats for savage men as well as for cave- 
loving animals, while the peculiar character of the material washed w has clearly 
been very favourable to the preservation of bones* The smaller caves are equally 
promising With large ones, and there are several rock shelters m other limestone 
Scarps, and especially in one north of the hamlet of Kotal, which should be 
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explored It is by no means unreasonable to bope tbat remains of palesolithic 
man might occur m them, for I picked up an oval quartzite implement on tlio 
talus on the north side of the valley lying between*the Billa Snrgam ndge and 
4hat north of Gorlagootta • 

The Yerra Zarx Gabbt 

This large and important cave which I had the good fortune to discover opens 
at foot of a great limestone cliff on the eastern slope of the Yegunta Konda, a 
small plateau 6 miles north-north-west of Banaganpalli It takes its name from 
the great r^jl cliff the “ Yerra Zan ” in which it is situated and which forms a 
conspicuous feature on the flank of the plateau, but the mouth of the cave which 
opens into a very wild and rugged ravine is so hidden by trees that it cannot be 
seen till one approaches witlyn a few dozen feet It is quite invisible from the 
open country below This cave also was unknown to the peoplo at Banaganpalli, 
though it lies within the Banaganpalli territory The cave was formed by the 
action of a stream rising on the plateau of Paneum quartzite which caps the 
limej#J!ne The sti earn was formerly of considerably greater length and volume 
tkan at present, and formed a complicated series of chambors and passages 
which I propose to describe fully with plans and sections in another paper The 
floor of the cave is level for a distance of 160 feet, when it divides into two, and 
the reiaiA one begins to rise for a distance of 130 feet till it reaches a kind of 
platform under a lofty roof which opens into a vertical pot hole 162 feet in 
height Under the pot-hole the main passage bends neatly at a right angle to the 
west and continues* rising greatly for more than 130 feet in distance, when it is 
blocked by debris A great talus of angular limestone masSfes fills this passage 
and much of the slope below the platform About the middle of the lower slope 
the water falling down the pot-hole has formed a considerable mass of stalegmitic 
breccia The great side chamber has had its upper end breached and huge rolled 
masses of quartzite have fallen into it from above The mam stream seems 
to have flowed through this passage for a considerable period, judging by the 
rounding and polishing which the great quartzjte blocks have undergone Water 
still flows through m considerable quantity after heavy # rain, but the mam stream 
from the plateau now avoids the cave and flows through the wild ravine to 
the eastward An immense amount of debris has been brought into the cave by 
the streams that have flowed through it I made three deep sinkings m different 
parts, one (No 4) 1 a little distance within the mouth of the cave which reached the 
rocky bottom at a depth of 27 feet, another (No 1) m a large side gallery west¬ 
ward of the mouth 'which failed to reach the* bottom at 33 feet, and a third 
(No 3) in a iugher-lymg side gallery which reached the bottom at 26 feet In 
the side galleries the surface layer is rather loose black soil with much organic 
matter, chiefly bat droppings, in it This showed traces of human tenancy of 
the cave at several levels At No 3 sinking a quantity of antique pottery was 
unearthed, some of it of excellent quality, but with the exceptibn of one little 
drinking cup of glazed black ware* all was broken It attracted a good deal of 

1 The numbers m brackets refor to the order m which the sinkings were made 

9 Of one large chatty I succeeded in finding nearly every piece, so that it can be built np by core- 
ful cementing It shows a very striking style of ornamentation, very different to anything modern 
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attention from the natives, who were much struck by its great difference from the 
pottery now made in that quarter This pottery was found at a depth of 2| feet 
At a depth of 11 to 12 feet »n the same place were traces of a fireplace, and close 
by lay the drumstick of a common fowl * 

At sinking No 1, broken pottery occurred at a similar depth The pottery 
was of the same character as that obtained at No 3 At the depth of 11 to 12 feet 
was an old fireplace with many small fragments of charcoal Some cowdung ash- 
balls such as used in dgdans and several lumps of rather decomposed shale showing 
strong traces of fire With the above were various fragments of very coarse pottery 
The loose black surface layer was not found m the mam cave at fro 4. There 
the surface layer consisted of 2^ feet of limestone rubble, under which came the 
cave earth, which was a brown muddy loam passing into stiff clay of brown or 
reddish-brown colour, generally full of fragments of decomposing calcareous shale , 
angular or water-worn fragments of limestone, some washed in, others fallen 
fiom the roof, occur at intervals near the surface, but were often numerous at 
greater depths At a depth of 3f feet in the cave earth was a fragment of 
6ome marrow bone (apparently ruminant) which showed marks of teeth Small 
splinters of bones of good size were not uncommon in the upper part of tfie 
cave earth, but all were (indeterminable At a depth of between 12 and 13 feet 
was a minute but perfectly unmistakable piece of antique bright red pottery, 
probably the oldest trace of man met with in the cave 

Of three other excavations made m this cave only one was of real importance, 
of the other two, one was stopped by meeting the bottom 1 of the gallery at a 
depth of little mere than 3 feet, and the other was not brought to a final 
conclusion In sinking No 5, a little below the middle of the high incline 
leading from the mam body of the cave up to the pot-hole, about 12 foot of hard 
brown or drab Btalagmitic breccia were quarried through in a good-sized pit, and 
a soft bed of drab-coloured breccia leached, but in neither was even the 
minutest fragment of bone discovered It should not be concluded that those 
sinkings are a sufficient test of the. contents of this great cave, for though fiom 
its darkness and dampness in wet weather it would not be fitted for a dwelling 
place, it would from its out-of-the-way position form an excellent hiding place 
It is more than probable that the pottery found in the different passages had 
been left there by refugees who had ocoupied the cave temporarily The only 
approximation to a legend in connection with the cave that I succeeded m extract¬ 
ing from the people was a story that it had once served as a place of refuge to the 
inhabitants of a fort that formerly Stood on the edge of the plateau above 
Yegunta temple, after the fort had been captured during a war 

Both at the Terra Zan Gabbi and Billa Surgam the walls of the passages 
are delicately fretted by the action of water trickling down their surface, and the 
beautiful sections of the limestone thus prepared afford a very strong proof of 
its nnfossiliferoas character If organisms even of very delicate nature existed 
in it, some few would most assuredly have been worked out by (die action of the 
flowing water which has that effect in so mahy other places I examined the 
cave walls, as far as they were within reach, very carefully, and saw not the 
faintest indication of any fossil 
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Yeganta and other Caves 

A considerable number of other caves of smaller size exist m this limestone 
district, several of which are unquestionably worth ‘further exploration There 
are three caves at the Yegunta pagoda in the ravine immediately north of the 
Terra Zan Gabbi Two of these aie enlargod rifts along lines of jointing m the 
limestone , their walls show bunches and fringes of stalactites here and there, but 
their floors are concealed by flagging and steps built by devotees who have erected 
shnneB there Exploration of those caves is of course out of the question at 
present Tl^e third cave is a shallow one which is choked at its back with a 
considerable mass of reddish stalagmite-breccia The very clear and well-dis¬ 
played face of this mass of breccia shows thousands of included fragments of shaly 
limestone, but after careful examination I could not detect a single trace of bone 
In the group of limestone cliffs south of the Terra Zan Gabbi are several nfts 
with stalactites, but too small even if they are ossiferous to contain any large quan¬ 
tity of fossil remains under the piles of angular debns now forming the visible floor 
A£. the south end of the cliffs what seems to be the top of the arched mouth of 
a'considerable cave shows just above a great talus of limestone blocks, the result of a 
fall from the cliff The presence of a permanont flowing spnng emerging from the 
talus a little distance renders the existence of a cave in the hill above it very 
probable 

In the group of high limestone cliffs on the south side of the second ravine 
north of tha south-east comer of the Tegunta plateau is a large and deep recess 
with one or more ‘small caves opening near the top of the cliff These I was 
unable to reach for want of a long laddei and because of a lai%e colony of bees 
that would not be dislodged. From the promising look of the place I think it 
deserves a very careful examination 

Fifteen miles to the south-west-by-south of Banaganpalh there is a cave which 
was described to me by an intelligent native as of some 
size and interesting as forming the source of a fair-sized 
perennial stream This cave is near the village of Billam (Bollum of sheet 76) 
To return to the neighbourhood of Billa Surgam pn the south side of the 
great cave ndge and about half a mile due south of it is 
Caves near or agoo a sm all one exposed by a slip of the hill side The cave 

is entered by a very steep climb down a lift to a depth of about 30 feet At the 
bottom the true floor is hidden by debns which also fills up a passage running 
westward so much that it cannot be followed even by crawling on all-fours for 
more than three or four yards, but the Gorlagoetla people say it joins the Billa 
Surgam caves The place had been recently inhabited by a loopard Very litt|e 
stalactitio matter was seen encrusting the walls This cave is not easy to find , as 
its mouth does not show till one is within three or four yards of it It opens on 
to a small terrace 20 to 30 feet long, and occupied by two small but thick trees. 
The terrace lies about half way up the grassy slope of the ndge and faces eastward 
I was told of two other caves of moderate size to the westward of Gorla- 
gootla, but was unable to visit dither from pressure of work at Billa Surgam 
One of them was said to occur in the valley of Gorlagoetla stream, and will 
probably be found in connection with a very fine group of limestone cliffs stand- 
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Billam Cave 
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ing on the north side of the stream The other, of which the locality was 
pointed out to me, is situate m a picturesque ravine which one passes on the left- 
hand side when crossing the small ghat winch leads from Gorlagootla to Betum- 
cherru 

Lastly, I heard of a cave near Buganpilly, 3 miles north-east of Betum. 
oherru, but could gather no reliable information about it 

Prom the rather barren character of the soil formed by decomposition of the 
quartzites and limestones of this region, it is pretty certain that even the virgin 
forest which once Covered tho Yerra Konda was by no means impenetrable, and 
this renders it the more probable that its glades and recesses we£0 familiar to 
the Palaeolithic stone folk, very numerous traces of whom m the shape of quartz¬ 
ite implements were found by Mr King and myself in 1865 near Roodrar only 
30 miles to the east-south-east 


Notes on the Geology of the Chufin and Sihunta paiganahs of Chamba, by Colonel 

C A McMahon, P G S v ^ 

Official duties having required me to visit Chuanand Sihunta, the opportunity 
presented itself of gaming some information regarding the geology of that part 
of Chamba, though, my leisure being necessarily limited, I was not able to 
devote as much time as I could have wished to "a detailed examination of the rocks 
As Chudn itself has been described in my paper on “The Geology of Dal. 
honsie,” 1 tho following pages will deal with the section between 'Ohui.n and 
Bihunta and the neighbourhood of the latter village 

The first fact to bo noted is the disappearance of the outer band of gneissose 
granite, 3 which is typically developed about a mile south of Chu&n I saw no 
trace of it on the road to Sihunta, though the road orosses all the rock senes from 
the silunans to the siwaliks, nor m the course of tho numerous traverses I made 
to the north and north-east of Sihunta The mica schists which, m the Dalhousie 
area, occur next the gneissose granite at the base, or somewhere towards 
the bottom of the silunah senes, aro typically developed in this section, but the 
gneissose granite is absent < The dip of the slates on the Sihunta road is N -E 11° If 
Tho carbo-tnassic series continues to crop out east of Chu&n, but it becomes 
greatly attenuated in this section The bndgo over the Chaki (Chuckee) below 
Baipur (Rapir) is on the limestones of this senes, but the band is apparently a 
thin one, whilst in the bed of the Chan£l, under Sraog, the whole outcrop of 
this senes does not attain te thickness of much more than 50 pr 60 yards 

The Dalhousie altered basalts crop out next the limestones at the bridge 
under Baipur, and thereafter the road runs with these rocks to the vicinity of 
Samdt (Samoat), where they, m their turn, disappear I failed to obtain any 
trace of them east of this point Samdt, and the land between it and Sihunta, is, 
for the most part, well covered with post-tertiary alluvial deposits, hut I searched 
carefully along the beds of stieams and I am satisfied that the trap dies out 

Records XV, 81 • 

* My reasons for calhng the outer hand gneissose granite are given in a paper to appear in the 
x vfrt number of the Reoords, 
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between Sam<$t and Sihunta A good section is obtained m the bed of the 
Ohanfil under Sraog, and only about 50 or 60 yards of the carbo-tnassio senes 
interposes there between the siwalik sandstones and the mica schists of the lower 
%ilunans * 

In my paper on the Dalhonsie area, I noted that the sirrnnr senes had been 
out out by a fault south of Chu&ri, and the conglomerates of the siwalik senes 
brought into contact with the trap This feature appears to persist in the 
Chu&n and Sihunta section At Kanora (apparently Samoat of the map) 1 a 
coarse breccia resting on red clay, dipping N -N -E at a low angle, is in contact 
with the trap These rocks, and those which occur feither east, are of siwalik 
aspect, and I did not, in this region, sec any rock along the inner honzon of the 
tertianes that I could identify as a member of the sirmur senes 

I made an excursion up the Diarh nadi one day and found that the gneissose 
granite appeared exactly where I expected to find it north-east of Tikn (Tikina) 
At Tikn, the rocks on both sides of the stream are silunan slates, and they 
oontijille up to the gneissose granite with a dip to E 11° N 

In the hills north-east of Sihunta a surprise awaited me About three 
quarters of a mile, as the crow flies, from the honzon of the carbo-tnassio senes, 
a fine-grained gneiss, or gneissose granite, crops out to the north of Sraog at an 
elevation of 4,100 feet, and 1,000 feet above Sihunta The rock is a perfectly 
crystalline combination of quartz, felspar, muscovite and dark mica, but exhibit¬ 
ing a well-marked foliation or parallelism of structure In weathered boulders 
it is not possible to'distinguish between it and the fine-grained, non-porphyntio 
variety of the Dhfilar Dhar gneissose granite Higher up the ridge, the Sraog 
rock becomes more schistose m aspect, and finally becomes superficially very 
rotten from weathering The transition from this fine-grained rock to the 
larger-grained highly porphyntic gneissose granite of the Dhular Dhfir is a 
sudden one The fine-grained lock appears to be older than the porphymtio 
gneissose granite, for I observed a large boulder of the former m ap. affluent of the 
Ohan&l close to and east of Sihunta, which contained large intrusive veins of 
the coarser-grained porphyntic rock An examination of these veins left no 
doubt in my mind of their intrusive character 

There Beems no ground for supposing that this fine-grained foliated Sraog 
rock is an extension of the Dalhonsie “ outer band ” The latter occurs below 
the mica schists and a great thickness of the silunan slaty series interposes 
between it and the porphyntic gneissose granite The Sraog rock, on the 
contrary, occurs abfive the mica schists and slfttes, and appears to be m contact 
with the porphyntic gneissose granite 8 Moreover, though they are composed of 
the same minerals, there is no resemblance in their jpacroscopic aspect between 
hand specimens of the “ outer band ” and the Sraog gneiss 

• 

1 The real .posiMon of Samdt is Apparently where Kama is marked on the map, Tundi bears 
N -W from Samdt, not S W as shown on the map I tried every conceivable mo d e of pro 
noandng Kama, but no name at all like it was known in Samdt 

* 1 climbed the ridge to an elevation of 6,200 feet, and reached a point abreast of Tikn I 
had no time to go higher, moreover it was blowing half a gale, a snow storm was coming on, 
*nd the natives with me were suffering acutely from the cold 
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On my n scent, my way lay for some distance np a stream between Sraog and 
Puknru The actual contact of the gneiss and the slates was not visible there, 
but on my descent along a spur of the mountain by another route, the passage 
from gneiss, or gneissose granite, to indurated slates was sndden These slates are 
highly altered, and indeed assume quite a foliated aspect when in contact with 
the gnoiss A little further on, the gneiss re-appeared again for some yards, and 
then slates similar in chat acter to the first 

The dip of the mica schists and slates between Sraog and the gneiss varied 
from N -B to N , and, taken m connection with the E 11° N dip of the slates at 
Tikn, they wonld thus appear to dip into the gneiss all round The mica schists 
and slates appeared to mo to be lower and middle silunans. 

Whether the Sraog rock is another case of the intrusion of gneissose granite 
or whether it is of pre-silunan age—-the remains of ancient land on which the 
silunans were deposited—is a question regarding which I think it would be 
premature to offer an opinion m the present paper Careful field work, and 
microscopic investigation in the laboratory, 1 will need to go hand m hand for a 
long course of years before all the details of Himalayan geology can be sucfcesb- 
fully worked out * 

The spurs south-west of Tikn and north-west of Samdt are so thickly covered 
with boulders that I could only get a glimpse in one place of the slates on which 
they apparently rest, though I traversed these spurs for some miles Indeed, so 
thickly are these boulders scattered over the hill sides, that the suspicion crossed 
my mmd that a local eruption of granite had taken place at this spot and that the 
boulders had weathered out vn situ I could find no evidence, however, to 
support this idea, for even when smhll landslips had removed the superficial 
vegetable deposits nothing was revealed but broken boulders beneath 

The next idea that naturally occurred to the nuud to account for these accu¬ 
mulations of boulders was glacial action, indeed not only here, hut all round 
Sihunta and on the road between that place and Chu&n, huge blocks of granite 
are scattered about o\ er the hill sides in a way to suggest the former existence 
of such action very strongly Blocks are found perched on the undulating edges 
of spurs and dotted over tne sloping sides of the mountains The alluvium of the 
valley is studded with them, accumulations of boulders here aud there assume a 
very morame-hke appearance, whilst the heads of little upland valleys, formed 
by the bifurcation of spurs, where evidently no stream of any consequence has 
ever flowed, are thickly strewn with them 

One block, measuring 26 X19 X 7,1 found perched on the ( orest of a ndge west 
of the Dairh nver, on the Chuan road, at an elevation of 4,000 feet and 1,200 feet 
above the present bed of the Dairh Another block, measuring 29 x 25 X18—and 
there are numbers of others <of about the same size—I found at an elevation of 
3,000 feet above the sea, resting on the surface of a nce-field on the south side of • 
the valley at Sihunta 

^ The antecedent improbability of a glacier at the latitude of 32° 18 extending 

c 

* As I have only just retamed from this trip, 1 have not had time to examine thin slice* of the 
Sraoff met under the microscope 
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down as low as 2,000 feot above the sea—for the blocks go down at least as low 
as that—is very great, but it might be argued that water power could not be 
called in to explain the transport of a block containing 13,050 cubic feet of granite, 
• for a rush of water of sufficient volume and velocity to carry }3,050 cubic feet 
of granite in a single block down a slope of about 1 m 20 would have scoured out 
the whole valley and carried away every particle of the soft alluvium with it, 
whereas these blocks are not found buried m a boulder bed surrounded with shingle, 
but resting on the surface of a thick deposit of soft mud These and other 
arguments that could be advanced to prove the former presence of local glaciers, 
seemed to me unanswerable, until I found that a gneiss, or gneissose granite, 
large weathered blocks of which are undistinguishable from similar blocks of the 
fine-grained variety of the Dhfilar Dhar granite, occurs as low down as 4,100 feet 
above the sea Now that we know that this massive rock crops out within three 
quarters of a mile of the siwalik horizon, and less than 2 miles from Sihunta, 
the difficulty is m a great measure removed, and it does not seem necessary to 
resort to a glacial theory to explain the presence of blocks so near their place 
•of origin 


Note on the occurrence of the genus Lyttonia, Waag , %n the Kuling Senes of 
Kashmir, by It Lydekker, BA,FGS,FZS 

Since the publication of my memoir on the Geology of Kashmir 1 a new 
genus of •bracluopods, from the “ Productus-limestone” 8 of the Salt-range and 
adjacent districts, has been desenbed by Dr Waagen under the name of Lyttonia 
The genus has also boon obtained in the carboniferous of China 

On seeing the figures of the Salt-range specimens, I at once recognised fossils 
not unfrequently occumng in the Kulmg senes of the neighbourhood of the 
Kashmir valloy, whose affinities I had long been at a loss to determine They 
are found on weathered surfaces of the limestone rocks in several parts of the 
northern side of the valley, but more especially on the high ndges to the north¬ 
east of Smnagar The rock in which they occur is ho hard that I was nnn hla 
to chisel out specimens sufficiently perfect to carry away 

Judging fiom memory, I think that the common Kashmir form is L nobihs 
It is a fact of much interest to find this remarkable genus adding another to the 
long list of forms common to the “ Productus-limestone ” and the Kuling senes 
of Kashmir 


• • 
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A pair of quernstones made of arkose, from near Dlmraraji, Monghyr District 

Presented by Mb R S Bion 

Four specimens of marble, from Jaipur and Ajmere 

. Purchased * 

6 specimens of Bhanrer (Yindhyan) sandstone from Rupas quarries, Bhartpur 

, Purchased 


1 "Memoirs,” Vol XXIr a 

* “Pal Ind,** Ser XII, Vol II, pp 396 408j pits. XXIX-XXX 
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Achbpohl, L.—Das Niederrhemisoh—Westfahsohe Stemkohlengebirge, Liof 8 9, (1883), 
4to, Leipzig 

Albbbcht, Paul —Das Os Intermedium Tarsi der Saugethiere, (1883\ 8vo, pb , Leipzig 

The Authob 

„ Note sur le Ftlvistemum des &lentds, (1883), 8vo, pb, Bruxelles 

The Authob 

„ Sur la Yaleur Morpbologique de 1 articulation Mandibulaue, du Carti¬ 

lage de Meckel et des Osselets de L Ouie, (1883), 8vo, pb , Bruxelles 

The Authob 

„ Sur le Crane Remarquable d’uno Idiote de 21 Aus, (1883), 8vo, pb, 

Bruxelles 

Thb Author 

„ Sur les 4 Os Intermaxillaires le Bee de Li&rre et la Yaleur IVfospho- 

logique des Dents Incisives Supdrieuies de L’Hotnme, (1883), 8vo, 
pb, Bruxelles 

Thb Authob 

Bbubt, J Wood —Eureka, an Elucidation of Mysteries in Nature-—the Problems of 

Science, (1883), 8vo, pb , Melbourne 

The Authob 

Bellbw, H W —Journal of a Political Mission to Afghanistan in 1857, (1862), 8vo, 
fiondon 

J SCHAUMBUBG, ESQ 

Bolton, H C —The Students’ Guide in Quantitative Analysis, (1882), 8vo, New York 
Bbonns —Klassen und Oidnungen des Tbier-Reicbs, Band V, Gbederfussier Arthiopoda 
lief 25—27, (1879), 8vo, Leipzig 

Bbown, Waltbb Lbb —Manual ot Assaying Gold, Silver, Copper, and Lead Oies, (1883), 

8vo, Chicago 

Chapman, E J —The Minerals and Geology of Central Canada, 2nd Edition, (1871), 8vo, 
Toronto 

Dana, E S , and Bbush, G $ —Appendices to the 6th Edition of Dana's Mineralogy, 

I—III, (1882), 8vo, New York 

Davis, W. M —The Structural Yalue of the Trap Ridges of the Connecticut Yalley, (1882), 
8vo, pb, Boston 

Thb Authob 

Dovlb, Patrick —Prospect of Artesian Borings in the Bellary District, (1883), 8vo, 
Madras ' 

Thb Authob 

Dumont, J B—Synoptical Table| of Modem Chemistry, Yol Lpt 3, Salts—Metals, (1883), 
8vo, Calcutta 

Encyclopedia Britanmca, 9th Edition, Yol XYI, (1883), 4to, Edinburgh 

EbbInoton db La Cboix, J —Les Mines detain de Pdrak (Presqu’ile d 6 Malacca), 

(1882), 8vo, Pens 

Pbanklakd, Pbbot Fabadav — Agricultural Chemioal Analysis, (1883), 8vo, London 
FbItscB, Db* Ant*— Fauna der GaBkohle und der kalksteine der Permformation Bdbmens, 

Band I, heft 4, (1884), 4to, Prag 
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Titles of Books Donors 

Gaudbt, A —Lee Enchawements da Monde Animal dans les Temps Gdologiques, Fossiles 
Pnmaires, (1883), 8vo, Pans 

Handbook of the Indian Gold mining Companies, July 1881, (1881), 12mo, Madras 
•Lappabent, A db —Tiaitd de Gdologie, (1883), 8vo, Pans • 

M Cann, Hugh W —Report on the Dyes and Tans of Bengal, (1883), 8vo, Calcutta 

Economic) Museum 

Meade, Richabd —The Coal and Iron Industries of the United Kingdom, (1882), 8vo, 

London # 

Mobtillbt, Gabbiel de —Le Prdhistorique Antiqmtd de L Homme, (1883), 8vo, Pans 
Pbatt, John H —A Treatise on Attractions, Laplace’s, Functions, and the Figure of the 
Earth, 4th Edition, (1871), 8vo, London 

Quenbtedt, Fb Aug —Handbuch dor Petrefaktenkuude, Auflage III, lief 12, (1883), 

8 vo, Tubingen 

„ Petrefattenkunde Deutschlands, Band VII, heft 4, Gasteropoden, 

(1883), 8vo, Leipzig 

Reclus, iSueita —Nouvelle Gdographie Umverselle la Terre et les Homines, Vols I—VI, 
(1876—81), 8vo, Paris 


PERIODICALS, SERIALS, &c 

A mem an Journal of Science, 3rd Senes, Vol XXVI, Nos 154-155, (1883), 8vo, New 
Haven 

• The Editobs 

Annalen der Physik und Chemie, Neue Folge, Band XX, heft 2 3, (1883), 8vo, Leipzig 

Annales des Mines, Table des Matibies de la VII® Sdrie, Decennafe 1872—1881, Sdne 
VIII, Tome III, hvr 2 3, (1882 83), 8vo, Pans 

Commission des Mines 

Annals and Magazine of Natural History, 6th Series, Vol XH, Nos 70—72, (1883), 8vo, 
London 

Archiv fur Naturgeschichte, Jahrg XLVII, heft 6, and XLIX, heft 3-4, (1883), 8vo, 
Berlin 

Atheneeum, Nos 2916—2928, (1883), 4to, London • 

Beiblattei zu den Annaltn der Physik und Chemie, Bancl VII, Nos 9 10, (1883), 8vo, 
Leipzig 

Bibliothbque Umverselle Archives des Sciences Physiques et Natuielles, 3 me Pdnode, 
Tome X, Nos 7—9, (1883), 8vo, Genbve 

Bibliothbque Umverselle et Revue Suisse, 3 me Pdnode, Tome XIX, Nos 56 57, and 
XX, No 58, (1883), 8vo, Lausanne 

Botanisches Centralhlatt, Band XV, Nos 7—13,^ and XVI, Nos 1—9, (1883), 8vo, 
Cassel. 

Chemical News, Vol XLVHI, Nos 1242—1254, (1883), 4to, London 

Colliery Guardian, Vol. XLVI, Nos. 1184 to 1192, and XLVII, Nos. 1193-1190, (1883), 
fol, London 

Das Aimland, Jahrg LVI, Nos 37—49, (1883), 4to, Mdnchen . 

Geological Magazine, New Senes, Decade II, Vol X, Nos 10—12, (1883), 8vo, London. 

Iron, Vol XXII, Nos 657—569, (1883), fol, London 

Journal de Conchyliologie, 3* Sdne, Tome XXIII, Nos 1-2, (1883), 8vo, Pans 

Journal of Seienoe, 3rd Senes, Vol V, Nos 116—119, (1883), SvoTLondon 


The Editob 
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Just, Ds. Leopold —Botamsaher Jahresbenoht, Jahrg Till, Abth II, Heft 2, (1883), 

8vo, Berlin 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Senes, 
Vol XVI, Nos 100-102, (1883), Svo, London 
Madras Quarterly Journal of Medical Science, Nos I—XX, (1860—66), 8vo, Madras 
Mining Journal with Supplement, Vol LID, Nos 2507—2619, (1883), fol, London 
Natural Novitates, Nos 17—23, (1883), 8vo, Berlin 

Nature, Vol XXVIII, Nos 724-730, and XXIX, Nos 731—736, (1883), 4to, London 
Neues Jahrbuch fat Mineralogy, Geologie und Palaeontology, Jahig 1883, Band II, heft 3, 
(1883), 8ro, Stuttgart 

PalseoQtographica, Baud XXIX, lief 5 6, (1883), 4to, Cassel 

Paleontology Frangaise, 1" S6ue, Terrain Jurassique, Animanx Invertdbrds, livr 62 63, 
„ n „ Cnnoides, livr 64, (1883), 8vo, 

Paris 

Petermann’s Geographische Mittheilungen, Band XXIX, Nos 9—11, (1883), 4to, Gotha 
„ „ Supplement No 73, (1888), 4to, Gotha 

Professional Papers on Indian Engineering, 3rd Series, Vol I, No 3, (1883), flsc , Roorkep 

Thomason College of Civil Engineebing 
Quarterly Journal of Microscopical Science, New Series, Vol XXIII, No 92, (1883), 8vo," 
London 

Zeitschrift fur die Gesammten Naturwissenschafben— 

3rd Series, Vol VI, Sept to Dec 1881 

4th „ „ I, Nos 1—6,1882, (1881 82), 8vo, Berlin 

ZeitBchnft fur NaturwisBensohaften, 4th Senes, Vol II, Nos 3 4, (1883) Svo, Halle 


GOVERNMENT SELECTIONS, REPORTS, &c 


Andamans —Statistics of the Population enumerated m the Andamans, 17th February 1881, 
(1883), fisc, Calcutta 

Revenue and Agbicultubal Dbpabtment 
Bengal —Boubdillon, J A —Report on tne Census of Bengal, 1881, Vols I—III, (1883), 

< flsc, Calcutta 

Revenue and Aobxcultubal Department, 


Bombay —Gazetteer of the Bombay Presidency, Vol. XVI, (1883), 8vo, Bombay 

Bombay Govbbnmbnt. 

,, Selections from the Records of the Bombay Government, New Senes, No 162, 
(1883), 8vo, Bombay 

* B(5mbat Govbbnmbnt 

Cbntbal Pbovinoeb —Gbant, Chablbs —Gazetteer of the Central Provinces of India, 2nd 

Edition, (1870), 8vo Nagpur 

Chief Commissionbb, Cbntbal Pbovinces. 

„ Report on the Administration of the Central Provinces for 1882 83, 

(1883), 8vo, Nagpur • 

Chief Commissionbb, Cbntbal Pbovinces. 
» Schlich, W.—Suggestions regarding Fewest Administration in the 

Central Provinces, (1883), flsc, Calcutta, 

Revenue and Aobioultubal Dbpaxtmbht 
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Ikdia— Indian Meteorological Memoirs, Vol II, pt 2, (1883), 4to, Caloutta 

Mbtbobolooical Rbpoetbb to Govbbnmbnt oe India 

„ Meteorological Observations recorded at six Stations in India m 1882, corrected 
and reduced, December 1882 to February 1883, (1883), 4to, Calcutta. 

Meteobologicjal Befobteb to Government oe India. 

„ Registers of Original Observations m 1883, reduced and corrected, March to May 
1883, (1883), 4to, Calcutta 

Mbtbobological Rbpoetbb to Govbbnmbnt oe India. 

„ Report on the Administration of the Meteorological DepartmSnt of the Government 
of TndiA m 1882*83, (1883), 4to, Calcutta 

Meteorological Rbpoetbb to Govbbnmbnt oe India 
,, List of Civil Officers bolding gazetted appointments under the Government of India, 
in the Home, Legislative, and Foieign Departments, on 1st July 1883, (1883), 8vo, 
Calcutta 

Hohb Department 

„ Statistics of the Butish born Subjects recorded at the Census of India, 17th 
Febiuary 1881, (1883), Use, Calcutta 

Revenue and Agricultural Dbpabtmbnt 
„ The Indian Empire Census of 1881 Statistics of Population, Vol II, (1883), flsc, 
Calcutta. 

Revenue and Agricultural Department 
Madras — McIver, Lewis —Imperial Census of 1881 Operations and Results in the 
• Presidency of Madras, Yols I—Y, (1883), flsc, Madras 

Revenue and Agbicultubal Dbpabtmbnt 
Punjab —Selections from the Records of the Government of the Punjalf and its Dependencies, 
New Senes, No XXI, (1883), 8vo, Lahoie 

Punjab Govbbnmbnt 


TRANSACTIONS, PROCEEDINGS, &c, OF SOCIETIES, SURVEYS, &o 

Ballaaeat —Annual Report of the School of Mines, Ballaarat, for 1882, (1883), 8vo, 
Balla&rat 9 

School oe Mines, Ballaaeat 

Batavia —Notulen van de Algemeene en Bestuurs-vergadermgen van het Bataviaasch 
Genootschap, Deel XXI, No 2, (1883), 8vo, Batavia. 

The Society 

„ Tijdschnft* voor mdische Taal Land on JTolkenhnnde, Deel XXVIII, Afl. 6, & 
XXIX, Afl 1, (1883), 8vo, Batavia 

Thb Sooibtt 

Bbleabt —Report and Proceedings of the Belfast Natural ftistory and Philosophical Society 
for Session 1882*83, (1883), 8vo, Belfast. 

, Thb Society 

Bbblin —Sitzungsbenchto der Koruglich Preussisohen Akademie der Wissenschaflten zu 
Berlin, Nos XXII to XXXVII, (1883), 8vo, Berlin 


The Academy 
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Basuir —Zeitschnft der Deutschen Geologiecben Gesellscbaft, Band XXXV, Heft 9, (1883), 
8vo, Berlin 


' Tot Society 

Bologna —Cosajte Benda dee Stances de la Commission Internationale de Nomenclature 
Gdologique et du Comitd de la Carte Gdologique de 1 Europe tenues H 
ZuncH en Aodt 1883, (1883), 8vo, pH, Bologne 

The Committee 

Breslau Sechzigster Jahres-Benoht der ScHlesischen GesellscHaft fur Vaterlandisohe, 
Cultur/ (1883), 8yo, Breslau 


The Society 

Brussels —Annales de la Socidtd Malacologique de Belgique, Vols VT—X, (1871—1875), 
8vo, Bruxelles 


The Society 

Brussels —Annuaire de L'Acaddmie Royale des Sciences, des Lettres et des Beaux Arts de 
Belgique, (1882 83), 8vo, Bruxelles 
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The Academy 

Bulletin de la Socidtd Royale Beige de Geographic, Anode VII, Nos 3 4, (1883), 
8vo, Bruxelles 


The Society 


» Bulletins de L’Acaddmie Royale des Sciences, des Lettres et des Beaux Arts de 
Belgique, 3 ra ‘ Sdue, Vols I—V, (1881-83), 8vo, Eiuxellcs 

The Academy 

„ Hdmoires Couronnds et autres Mdmoues publics par LAcaddmie Royale des 
Sciences, des Letties et des Beaux Aits de Belgique, Tome XXXI and 
XXXIII—XXXV, (1881—83), 8vo, Biuxelles 

, The Academy 

m Mdmoires Couionnds et Mdmoires des Savants Strangers publids par 
L Acaddmie Royale des Sciences, des Lettres et des Beaux Arts de Belgique, 
Tome XL1V—XLV, (1882 83), 4to, Bruxelles 

The Academy 

„ Mdmoires de L’Acaddmie Royale des Sciences, des Lettres et des Beaux Aits de 
Belgique, Tome XL1II, pt 2, and XLIV, (1882), 4to, Bruxelles 

The Academy, 

„ Tables Gdnerales du Recueil des Bulletins de L’Aoaddmie Royale des Sciences, 
des Lettres et des Beaux Arts de Belgique, 2 me Sdne, Tomes XXI—L, 
1867—1880,11883), 8vo, BvuxelleB 

The Academy 

Bcenos AireS —Anales del Museo Publico de Bnenos Aires, Vol III, pt I, (1883), 4to, 
Buenos Aires 

Caen —Bulletin de la Socidtd Linndenne de Normandie, 4tb Senes, Vol VI, (1882), 8vo, 
Caen a • 


The Society 


Calcutta —Journal of tbe Asiatao Society of Bengal, New Series, Vol LII,pt II, No 1, 
(1883), 8vo, Calcutta 

The Society, 

» Proceedings of the Asiatic Society of Bengal, Nos VII & VIII, (1883), 8vo, 
Calcutta 

The Society. 

m Memoirs of tbe Geologica 1 Sumy of India, Vol XXII, (1883), 8vo, Calcutta 

< The Survey 
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Calcutta —Records of the Geological Survey of India, Vol iVI, pt 4, (1883), 8vo, 
Calcutta 

• Geological Subvby of India 

* „ Report of the Archaeological Survey of India, Vol XVI, (1883), 8vo, Calcutta 

Home Depabtmbnt 

Cakbbidge, Mass —Bulletin of the Museum of Comparative Zoology, Vol XI, Nos 1 & 2, 

(1883), 8vo, Cambridge, Mass 

The Musbum of Comfabative Zooloot 

Dijon _M4moires de l’Acaddmie des Sciences de Dijon, 8 me S£ne, Vols II, III, and VII, 

(1874, 1876, & 1882), 8vo, Dijon 

The Acadbht 

Dublin —Journal of the Royal Geological Society of Ireland, New Senes, Vol VT, pt 2, 
(1882), 8vo, Dublin 


The Society. 


Proceedings of the Royal Insh Academy— 

Series II, Vol II, Antiquities, No 4, 

„ II, „ III, Science, Nos 9 & 10 

(1883), 8vo, Dublin 


The Acadbht 


Transactions of the Royal Insh Academy— 

” Vol XXVII, Antiquities, No 6, 

„ XXVIII, Science, Nos 11 to 13, 

• (1882 83), 4to, Dublin 

The Academy 

Fbankfubt —Abhandlungen von der Senckonbergischen Naturforfohenden Geselfschaft, 
Band XIII, heft 2, (1883) 4lo, Fiaukfurt 

Geneva _Mdmoires de la bocidtd de Physique et d’Histoue Natuielle, Vol XXVIII, 

pt 1, (1882 83), 4to, Genei e 

The Society 

Gottingen —Nacbncbten von der k Gesellschaft der Wissenchaften, (1882), 8vo, Gottingen 

The Society 

Halle —Abhandlungen der Naturforschenden Gesellschaft 7U Halle, Baud XVI, heft 1, 
(1883) 4to, Halle * 

Thb Society 

Bencht uber die Sitzungen der Naturforschenden Gesellschaft zu Halle, im Jahre, 
1882, (1883) 8vo, Halle 

The Society 

KoNIGSBEBG —BeitiUge zur Naturkunde Preussens, Nos IV & V, (1879 & 1882), 4to, 
Komgsberg 

Tm HnnrBTv 


u Shnften der Physikalisch Okonomisohen Gesellschaft zu Komgsberg,*Jahrg 

XXIII, Abth 1 & 2, (1882 83), 4to, Komgsberg 

The Society 

London —Journal of the Anthropological Institute of Great Bntam and Ireland, Vol XIII, 
Nos 1 & 2, (1883), 8yo, London 

„ Journal of the Iron and Steel Institute, No 1, (1883), 8vo, London 

^ The Institute 
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Donors. 


Titles of Boohs 
London —Journal of thte Linnean Society of London— 

Yol XVI, Zoology, Nob 95—100 

„ XIX, Botany, No 122, and XX, Non 123—129, (1882-88), 8vo, 
, London t 

The Society. 

„ List of the Linnean Society of London, October 1881 and 1882, (1882 83), 8vo, 
London 

The Society 

„ Pioceedinga of the Linnean Society of London, November 1880 to June 1882, 
(1883), 8yo, London 

Thb Society 

„ Transactions of the Linnean Society of London, 2nd Series— 

Vol II, Botany pts 2—5 

Vol II, Zoology, pta 6—8, (1882 83), 4to, London 

Thb Society. 

„ Journal of the Boyal Asiatic Socioty of Great Britain and Ireland, Neiy Senes, 
Vol XV, pts 3—4, (1883), 8vo, London 

The Society 

„ Proceedings of the Boyal Geographical Society, New Senes, Vol V, Nos 8—11, 
(1883), 8vo, London 

- The Society 

„ last of Fellows of tho Boyal Society of London, 30th November 1882, (1883), 
4to, London ' 

The Society 

„ Philosophical Transactions of the Boyal Society of London, Yol* 173, pts 2—4, 
& 174, pt. 1, (1882 83), 4to, London 

The Society 

„ Proceedings of the Boyal Sooiety of London, Vol XXXV, Nos 224—226, (1883), 
8vo, London 

The Society 

a 

„ Journal of the .Sooiety of Arts, Vols XXXI, Nos 1608—1617, & XXXII, 
Nos 1618 1619, (1883), 8vo, London 

The Society. 

„ List of the Vertebrated Animals now or lately living in the Gaidens of the Zool¬ 
ogical Society of London, 8th Edition, (1883), 8vo, London 

The Society. 

„ Proceedings of the Zoological Sooiety of London for 1883, pts II-III, (1883), 

8vo, London ‘ , 

' The Society 

„ Transactions of the Zoological Society of London, Vol XI, pt. 9, (1883), 4to, 
London ( 

The Society 

„ Quarterly Journal of the Geological Society, VoL XXXIX, No 155, (1883), 8vo, 

Londtm ' 

The Society 

Lyon —Archives du Musdum d’Histoire Nftturelle de Lyon, Tome III, (1883), 4to, Lyon 

The Museum 
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Titles of Books Donors 

London —Association Lyonnaise deg Amis dee Sciences Naturelles Compte Rendu de 
l’Annde 1882, (1888), 8to, ph, Lyon 

* Thb Association 

n Musdum deg Sciences Naturelles de Lyon Rapport sur les tr^raux exdcutds pen¬ 
dant l’Annde 1882, (1883), 8vo, ph, Lyon 

Teb Museum 

Madbid —Boletin de la Sociedad Geografica de Madrid, Tomo XV, Nos 1—3, (1883), 8vo, 
Madrid. 

* Thb Society 

Manchester —■Transactions of the Manchester Geological Society, Vol XVII, pt. 10, 
(1883), 8vo, Manchestei 

The Society 

Mblbourne —Reports of the Mining Surveyors and Registrais for quarter ending 30th- 
June 1883, (1883), fisc, Melbourne 

Mining Department, Victoria 
„ Transactions and Proceedings of the Royal fcouety of Victoria, Vol XIX, 

(1883), 8vo, Melbourne 

Thb Society 

Moscow—Bulletin de la Socidtd Impdnale des Naturalistes de Moscow, Vol LVII, Nos 
3 & 4, and LVIII, No 1, (1888), 8vo, Moscow 

The Society 

„ Nouveaux Mdmoires de la Sonetd Impdnale des Naturalistes de Moscow, Tome 
XIV, livr 1, (1883), 4to, Moscow 

• Thb Society 
Neuchatel —Bulletin de la Socidtd des Sciences Natuielles de Nenchatel, Tome XIII, 

(1883), 8vo, Neucbatel * 

The Society 

Newcastle upon Tyne —Transactions of tho North of England Institute of Mining and 

Mechanical Engineers, Vol XXXI, pt 6, and XXXII, pts 1—5, 
(1882 88), 8vo, Newcastle upon Tyne 

The Institute 

Paris —Bulletin de la Socidtd Gdologique de Prance, 3 m * Sdrie, Vol XI, Nos 4 and 6—7, 
(1883) 8vo, PariB • 

• The Society 

Philadelphia —Journal of the Franhlm Institute, 3rd Senes, Vol LXXXVI, Nos 3—5, 
(1883), 8vo, Philadelphia 

The Institute 

„ Proceedings of the Academy of Natural Sciences of Philadelphia, Pts 

I—III (1882 88), 8vo, Philadelphia 

. The Academy 

„ Proceedings of the American Philosophical Society, Vol XX, No 112, 

(1882), 8vo, Philadelphia 

c The Society 

Pisa —Atti della Societa Toscana di Scienze Naturali Process! Verbah, Vol. Ill, pp 
273—290, (1883), 8vo, Pisa 

• The Socibty 
Rome —Atti della R Accademia dei Lmcei 

Sdne III, Memone* Vol XI-XIII, (1882) 

Sdne 111, Transunti, Vol VII, faso 13—14, <18§3), (1882-88), 4to, Roma 

The Academy 
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Title* of Rook* Donor* 

St Pbtxbsbubg —Mtfmoires de L' Aoaddmie Impdmle des Sciences de St. Pdtersbourg, 7“ 
Sdrie, Vol Hj SI, Nos 8—4, (1883), 4to, St P^tersbouig 

Tax Academy 

t 

Singapobb — Journal of tbe Straits Branch of the Royal Asiatio Society, No, 11, (1883), 
8 yd, Singapore 

The Society 

Viexha. —Jahrbucb dor kais bomg Geologisahen Reichsanstalt, Band XXXIII, Nos 2—3, 
(18837, 8vo, Wien 

The Institute 

„ Yerbandlongen der k k. Geologischen Reichsanstalt, Nos 12—13, (1883), 8yo, 

Wien 

The Institute 

Washington.— Report of the Commissioner of Agriculture for the years 1881 and 1882, 
(1882), 8vo, Washington 

Dxpabtkekt op Agbioultubb 
„ Smithsonian Miscellaneous Collections, Yols XXII to XXYII, (1882-83), 
8vo, Washington 

Smithsonian Institute 

Yobk —Annual Reports of the Connoil of the Yorkshire Philosophical Society for 1825, 
1827 to 1842, 1844 to 1869, and 1879 to 1882, (1826 1883), 8yo, 
York. 

The Society 

„ Kebping-Walteb —A Popular Hand Book to the Natural History Collection in 
f the Museum ofbhe Yorkshire Philosophical Society, (1881), 
8yo, York. 

Tax Society 

„ Wbm.bxi.ovbd, Rey, Chablbs.— Hand Book to the Antiquities in the Grounds 

and Museum of the Yorkshire Philosophical 
Society, 7th Edn, (1881), 8vo, York 

Tas Society. 

January 14th, 1884 * 
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Note on the Earthquake of 31st December 1881 , by R D Oldham, ARSM, 
Geological Survey of India, (With a map ) 

On the morning of the 31st December 1881 a severe earthquake was felt over 
a large portion of the Indian peninsula and Bengal, affecting also the Burmese 
coast and causing much damage rathe Andaman and Nicobar islands A consi¬ 
derable amount of material, comprising newspaper extracts, official reports and 
private letters, having been placed at my disposal, I propose giving a brief notice 
of the more important features of the shock 

In Bengal it was felt as far as Chunar (P), Gaya, and Hazanbagh , Alcra, m 
the 24-Parganas, was shaken, and at Akyab it was followed by the eruption of 
a mud volcano in Ramri 1 There is no record of its having been felt at Ban- 
goon or Moulmera, at Tenassenm it is doubtful, though it was felbra the Mergui 
archipelago, to the south it is reported as having bebn * severe’ at Acheen 
in Sumatra, and in N Lat 3° 54', E Long 91° 21'* it was felt by the ship 
Mount Stuart , at Ootacamnnd it is recorded, as also at Calicut thus the area 
over which it was felt measures about 1,600 miles from north to south and 1,500 
inilflH from east to west, or 2,000,000 square miles in all 

Such briefly is the summary of the information contained in the daily papers, 
and as no observation of scientific value is recorded in them which has not been 
placed at my disposal in another form, I shall refrain from repeating the vague, 
when not misleading, statements of the time and nature of the shock which were 
so given to the world * * 

There is, however, one published notice which contains much valuable inform¬ 
ation I refer to the note by General Walker, and Major M W Rogers, B E 
(originally published in the Annual Report of the Trigonometrical Survey, and 

9 

3 Records, G 8 I, Vol XV, p 141 

* 1 may, however, mention one letter by Mr W O Simmons of Calcutta published in the 
Indian Daily Newt He seems to have been at some trouble to collect mfotmation, and I have to 
thank him for liberally placing it at my disposal 
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reprinted m the Proceedings of the Asiatic Society of Bengal, March 1883, page 
60) on the (Records left by the earthquake, and its consequent sea-wave on 
the tidal gauges fixed along the shores of the Bay of Bengal, illustrated by reduc¬ 
tions from thsf Original records and a chart of the Bay of Bengal, on which Major 
Rogers haft • sfig|ked what he considered to be the focus of the disturbance For 
the benefit 0$l|o8e who may not have access to the original, I subjoin a short 
abstract df the ^information contained 

At *Port Biawythe forced sea-wave, indicating the arrival of the earth-wave, is 
indicated at 7fe 44 ', 1 the first sea-wave arrived at 8fe 3', followed by others at 
15 minutes interval, with a height of 3 feet from crest to hollow, the disturbance 
not subsiding entirely till 21 h 

Diamond Harbour —Sea-wave hkrdly perceptible, arrived at 15 h 10' 

Dablat —First sea wave at 13fe , disturbance continued till 21fe 

False Point —Forced sea wave at 7fe 54' Sea-waves small, the first arrived 
at life 15' 

Vizagapatam—The sea wave arrived at 107i 43', followed by others until 
midnight 

Madras —Sea-wave arrived at 10 h 18' 

Negapatam —The first wave, which arrived at 10 fe 15', measured 4 feet from 
crest to hollow, and was followed by others until midnight 

Paumben —First wave at life 32', disturbance lasted till midnight 

At Calcutta the time of arrival of the earthquake was noted by”'Mr James 
Murray, who wntes, m reply to my enquiries, that he was reading in an upstaira 
i oom when feeling the shock he immediately ran downstairs and marked on the 
glass of his standard regulating clock the exact position of the second’s hand and 
then waited to note the time of cessation of the motion, afterwards he carefully 
took with a second’s watch the time that it occupied to do all he had done between 
the moment when he first felt the shock and when he made the mark on the 
glass of his clock, adding this and the error of the clock on that morning, he 
obtained the times of commencement and cessation as 7fe 37' 45" and 7fe 42' 0", 
Calcutta mean time, or 7fe 55' 2* and 7fe 59' 17* Port Blair mean time, respect¬ 
ively This, I may add, is the only observation of real value made at the tune 
and not automatically recorded that I know of m connection with thm Bhock 

At Madras a clock m the office of the Master Attendant, electrically controlled 
from the astronomical observatory, was stopped at 7 fe 5' 46* local tame, or 7 fe 55' 
36* Port Blair mean time 

Port Blair is the only place inhere any damage was done to masonry buildings, 
and it is to be regretted that the damage should be so little instructive as is Hie 
case The infantry barrack, of which I have drawings showmg the damage done, 
is a long, narrow building situated on the crest of a hill, the major axis bearing 
W 20° E, while the cross-walls bear E 20 s S The latter were severely 
cracked, while with a single excoption not a crack has opened m the longitudinal 
walls, thiB might indicate a direction nearly N 20° E, or S 20° W, but 

1 These tunes differ from those originally given, having been retaken with greater ears from 
the original records The times here and throughout this notice are reduced to Fort Blair mean 
time, and for the sea wave are the tunc of arrival of the crest of the first wave 
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is most probably, as will be seen from the sequel, due to them being of ^less solid 
construction As regards the angle of emergence the cracks do not indicate much, 
merely pointing to a nearly horizontal or nearly vertical emergence, the former 
toould be indicated by the fact that a chimney shaft 60 feet high was cracked but 
not overthrown as it certainly must have been by a severe shock with a moderate 
angle of emergence, but as this supposition is irreconcileable with the position of 
the Beismic vertical obtained from more trustworthy observations we must suppose 
the angle of emergence to have been nearly horizontal and the violence of the 
shock to have been considerably exaggerated 

In the Car Nicobar extensive damage was done to the cocoanut groves and 
huts of the natives, and vents similar to those described m connection with the 
Cachar earthquake of 1869 1 were opened in the sandy soil It was noted by 
Major W B Birch, to whose report I am indebted for the facts, that on the 
margin of the seashore the trees were left standing, while further inland they 
were overthrown This may have been due to the fact that the edge of the land 
was prcffcocted from the earthquake by the slope of the seaward face being steepei 
than that of the emergence of the wave but I am inclined to believe that Major 
Birch’s suggestion, that the soil near the sea margin is firmer than that furthei 
inland, is more likely to be the true explanation The sea-wave broke on thiR 
island and it is recorded that the water penetrated into the houses of the Bur¬ 
mese residents which stood on platforms of less than 2| feet high, while those on 
higher platforms escaped 

I will now proceed to the discussion of the data available, which are, firstly, 
the records of the arrival of the earth-wave at Calcutta, Madras, False Point, 
Port Blair, and Kisseramg, and, secondly, the records of the arrival of the sea- 
wave at the stations mentioned above, the latter, however, are owing to irregu¬ 
larities in the depth of the Bay of Bengal of no use m determining the position 
of the seismic vertical Of the first category, the records from Madras and 
Calcutta are undoubtedly good, those from Poit Blair and False Point are good 
as far as they go, but only pretend to give the time to thq nearest minute, while 
the fifth is, as will be subsequently shown, unfortunately open to an element of 
doubt 

It has been pointed out by Professor Milne that if the earth-wave arrives at two 
points on the earth’s surface at the Bams moment of absolute time and a straight 
line be drawn joining those two points, the seismic vertical should he somewhere 
on the line bisecting it at nght angles, supposing, that is to say, that the surface 
of the earth were a plane and its substance homogeneous, on the same supposi¬ 
tions if the time of arrival is known at three stations and circles be drawn round 
the two at which the arrival was latest with radu equal to the distance traversed 
by the wave m the respective absolute differences of time between its arrival at 
those stations and at the first station, and a circle be drawn passing through 
the first station and touching the circles drawn round the second and thud 
stations, the centre of that circle will represent the position of the seismic vertical 
Neither of the assumptions arfc, *of course, theoretically correct, but these con 
structions give a rapid and convenient method of finding the uppi oximate position 

1 Alemou*, G S I, V ol XIX, [ art I 
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of iihe seismic vertical I have, for the purposes of the first construction, taken the 
tune of arrival at Caloutta and Madras as identical and represented it on the map 
by fine firm lines, the second construction is not represented, but the centres 
obtained are indicated by dots with the letters C M B for the centre deduced 
from the Calcutta, Madras, and Port Blair observations, and P M B for that due 
to those at False Point, Madras, and Port Blair It will be seen that the first- 
named lies within 30 miles of the true position of the seismic vertical, the error 
being due almost entirely to the unavoidable distortion of the map, the other 
Bhows a greater error, due partly to a less average accuracy of the observations 
and partly to the fact that the stations are less favourably situated for applying 
the construction Taking Calcutta, False Point, and Port Blair, we get an impossi¬ 
ble centre at the mouth of the Irrawadi, the fact being that this construction is 
only practically applicable when the 'three stations form a pretty open tnangle 
The Madras, False Point, and Kisseramg observations give the centre where Major 
Rogers placed it, but this result is vitiated both by the small inaccuracy of the 
False Point observation and the greater one at Kisseramg, which will be referred 
to hereafter 

Starting with the C M B centre, a brief investigation proves it to be about 
30 miles too far south, so taking Lat 15° Long 89° as the centre provisionally, we 
find that the geodetic distance fiom this point to 



Feet 

Port Blair w 

1,804 475 

Calcutta is 

8,117,585 

False Qomt is 

2,888 620 

Madras is 

3,177,850 

Kisseramg is 

3,568,660 


Subtracting the distance to Port Blair and dividing the results by the lespective 
differences of time, we get a velocity of transit as between Port Blair and 

Feet per second 


Cnlbutta of 1,957 

Madras of * 1,948 

I nlse Point of 1,807 

Rissunuug of 2,666 


and as between Calcutta and Madras of 1,746 feet per second—a not impossible 
lesult, as the difference of distance would he mainly m alluvial deposits, though 
possibly indicates that the centre is about half a mile east of the position assumed 
The low velocity as between Port Blair and False Point ip easily explicable by 
the fact that the observations are only given to the nearest minute, had the time 
interval been 9 minutes instead of 10 minutes, it would give a velocity of 2,001 feet 
per second, while an interval of 9f minutes would hnng it almost into accord with 
the Calcutta and Madras observations From this we may conclude that the time 
recorded at Port Blair is too early, oi that at False Point too late, or possibly both 
It must be borne in mmd that the times were taken from the trace left by a pencil 
on a sheet of paper and on a scale on which it would be difficult to distinguish 
between, say, 7 h 53' 15' and 7 h 53' 45", though one should be recorded to the 
pwirest minute as 7h 53' and the other as 7h 54' 

The Kisseramg observation, however, gives a velocity whioh is inexplicable 
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on this supposition, and I cannot hut consider the error due to an actual error of 
observation, as, though it can be approximately reconciled with trase from the 
western stations, this can only be done by taking the latter out of accord with 
• each other and giving an madmissibly high velocity to the whole senes The 
only published record of this observation is that in Major Roger’s note, where he 
says that “ at Madras, False Point, and Kisseraing the shock was felt at about the 
same minute— 7h 55' A M ,” it will be seen that this is rather vague, and a personal 
application to Major Rogers elicited the fact that the original record had been 
destroyed, and it was consequently no longer possible to estimate the degree of 
accuracy of the tune record I fear we must reject this observation as of insuffi¬ 
cient accuracy for the purposes of the investigation 

The position assumed above proves to be that which best reconciles itself to 
the excellent observations at Calcutta and Madras, and to the automatic records 
at Fort Blair and in a less degree False Point, I shall consequently consider that 
the shock did originate vertically below a point situated in Lat 15° N, and 
Long *89° E , and that it travelled with a velooity of 1,950 feet per second, being 
"that indicated by the Madras and Calcutta and Port Blair observations Under 
these circumstances the tune taken by the earth-wave to travel from the seismic 
vertical to 


Port Blair would be IB' 25" 

Calcutta „ 26' 39" 

Madras „ 27' 9" 

O 

(I omit Kisseraing and False Point owing to probable inaccuracies of the records) 
Subtracting these intervals from the recorded times, we hsftre the Port Blair 
mean time of the origin of the earthquake deduced from the 

Port Blair record as 7A 28' 35" 

Calcutta „ „ 7*. 28'28" 

Madras „ „ 7A 28'27" 


Mean 7 A 28' 28" 

But as the Port Blair record is liable to an unknown error being merely to tbe 
nearest minute, the mean of the Calcutta and Madras*results, vis , yh 28’ 25", is 
probably more accurate Taking this result and reckoning back to the various 
stations we get the true time at 

Port Blair, 7A. 48' 60" instead of 7k 44', a probable error of +10" 

False Point, 7* 6V 6" „ 7A 64' „ „ +64" 

Kisseramg, 7A 68' 68" „ 7A 65' # „ „ —3' 68" 

The depth of the focus below the level of the sea cannot unfortunately be 
ascertained, the only records that oould give tbe ang^le of emergence being from 
Port Blair and, as mentioned above, they are indefinite, and all we can say is that 
the emergence was nearly horizontal, from this we would deduce a focus situated 
at a small depth, probably about 5 or 10 miles, and being improbably over 15 mile 3 
from the surface 

In the shape of the area overVhich the Bhook was felt there is a notable pecu¬ 
liarity as regards its eastern boundary between Akyab* aqcl Tenassenm, which 
seems to be real and not merely due to insufficient information, for Rangoon and 
Monlmem are large cities with a considerable resident European population, bo 
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that the sH\>ok if felt could hardly have escaped record 1 In the Mergm archi¬ 
pelago it is itocdrded as slight, and it is very doubtful whether it was felt at 
Tenassenm. 'To the south, .west, and north the configuration is very different, 
the shock is reaorded as severe at Acheen, it was felt by the ship Mount Stuart < 
m N Lat 3° 54' E Long 91° 21', to the west it was felt at Calicut, and 
to the north is said to have been felt at Chunar, though G-aya is possibly 
the extreme limit This peculiarity may m part be due to a difference m the 
rocks traversed, but not being fully accounted for in that manner clearly in¬ 
dicates that the shock had its origin in a fissure underlying strongly to the west 
If we accepted the Chunar record, it would almost be necessary to suppose the 
fissure curved and bending round from about S -W to S -E, rejecting it we 
come to the conclusion that this earthquake had its origin in a straight, or 
nearly straight, fissure bearing about H -W and S -E and underlying to the 
S -W, a far more probable configuration than the first, and one which is not 
absolutely incompatible with the Chunar record, if that ib correct 

When we come to examine the records of tho tide gauges the first* point 
to be noticed is the absence of any record from the stations on the Burmese coast, 
while the wave is shown to have reached points on the western coast of the Bay 
situated at a greater distance from the centre This, however, ceases to be remark¬ 
able when we examine the records from the stations on the delta of the Ganges 
At Dablat the height of the wave is 12 inches, while at False Point it is but 
2 inches, and merely perceptible at Diamond Harbour, if on the delta of the Ganges, 
exposed to the full force of the wave, the mere shoaling of the waters produced 
such an effect, it as not surprising that a similar shoaling at the month of the 
Irrawadi should have entirely destroyed the wave already enfeebled by the 
barrier stretching between Cape Negrais and the Andaman islands 

Between the centre and Port Blair the wave must have travelled by a cir¬ 
cuitous route, and as it is impossible to say what allowance is to be made for this 
it becomes impracticable to correctly calculate the rate at which it travelled In 
all probability the first yave recorded came round the south of the island, while 
the curve bears ample evidence that the subsequent long-continued and compli¬ 
cated disturbance was due to the interference of the two sets of waves—one 
travelling from the north, the other from the south 

Taking, for convenience of calculation, the time of origin of the wave as 
7 h 28' 30", the error so introduced being comparatively insignificant, and m any 
case certainly not greater than that due to want of accuracy m the records, we 
find that the mean rate of transit of, the wave between the centre and 

Feet per second 


Paumben is 


281 

Negnpatam „ 

• 

859 

Madia* „ 


311 

Vizngapatam „ 


173 

False Point „ 


213 

Dablat „ 


104 


1 As this note was passing through the press a paper on * Earthquake disturbances of the 
Tides on the coas+s of India,* by Lientenaut- Qeneral J T Walker, C B, F R S, etc, appeared 
in”‘Nature,’ February 14th, m which it is incidentally mentioned that the earthquake w felt 
at Bangoon and Moulmein 
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O f these, the difference between the mean rates to N egapatam and Panmben 
is due to the long stretch of shallow water crossed m the latter case, but the 
difference between Madras and Negapatam is noticeable, and is probably due to 
the shallowing of the bay by the deposit in it of the silt brought down by the 
Kistna and Godavery rivers, this same cause has evidently affected the velocity 
between the centre and Vizagapatam, while the increase in velocity between the 
centre and False Point indicates that the wave has travelled over the depression 
between the two banks caused by the deposit from the Kistna and Godavery 
on the one hand and the Ganges and Brahmaputra on the other 

This notice, besides its direct bearing on the earthquake m question, shows 
the great value of a few really accurato time observations which, taken in 
conjunction with such simple observations as are within the power of all to make, 
have enabled me to fix the position of the seismic vertical, the velocity of trans¬ 
mission of the earth-wave, and the approximate form of the focus, had it ori¬ 
ginated inland there might not improbably have been sufficient information 
available to fix the depth of the focus—m the present state of our knowledge, one 
of the most important, if not the most important point to be determined with 
some degree of accuracy Under these circumstances it is unfortunate that in 
the system of seismological observations recently sanctioned bv Government an 
accurate determination of the time could not be incorporated, but with the 
unskilled even where not unsympathetic observers who are alone, as a rule, avail¬ 
able, it wdhld be impossible to secure that accuracy of record which alone would 
be of use, for this is especially a case where an inaccuracy, where accuracy is 
looked for, is worse than no record at all 

The following facts, though not strictly related to the earthquake under consi¬ 
deration, may with advantage be put on record here 

The master of the ship Commonwealth reported that he felt throe shocks 
of earthquake on the 1st January 1882 in N Lafc 8° 20', E Long 92° 42', 
and that the whole of the Car Nicobar was hidden by smoke Major Birch on 
his subsequent visit to the island could find no foundation for this statement, so 
that m all probability it was only the smoke of a fire that was seen 

This shock was stated in the daily papers to have been felt at Khatmandu, 
m Nepal, but to judge from the more detailed information placed at my disposal, 
this cannot have been the same shook 


On the Microscopic structure of some Himalayan granites and gneissose granites, 
by Colonel C A McMahon, Y G S (With a Plate) 

In my paper “On the microscopic structure of some Dalhousie rocks,” 1 I 
have already given an account of the structure of the gneissose granite of Dajn- 
kund, DalHousie This paper is occupied with a description of the “ outer band ” 
of gneissose granite at Dalhousie, oalled gneiss m my previous papers, and of 
gneissose granite found m the Sutlej valley, and m the Chor mountain near Simla 
I have also, for the sake of comparison, described the microsoepic structure of some 
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undoubtedly eruptive granites, which invade Silurian and cambnan (?) rocka in 
the Ravi an<| Sutlej valleys 

In this paper I propose to follow my usual custom, and begin with a somewhat 
detailed account of the several specimens, and conclude with some general remarks 
by way of summing up the results of my investigation 

1 Granite intrusive in the schists above Darw&s, from a dyke on the road 
between Darwas and Kilar, Pangi valley, Chamba 1 The hand specimen shows 
the junction of the granite and the mica schists A parallelism of structure, 
evidently due to traction, is, to a certain extent, observable m the granite 
Schorl is abundant m the hand specimen, but none occurs in the slice 

M —Quartz, orthoclase, and a silvery mica, are abundant, and there is a 
little tnclinic felspar 

The quartz is hyaline, and contains a prodigious number of liquid cavities 
MoBt of the orthoclase is white and opaque The shoe contains a large garnet of 
decidedly pink colour m transmitted light, part of it is decomposed There are 
several belomtes, but they do not contain any shrinkage cavities . 

Viewed macroscopically, the mica is of a brilliant silvery metallic lustre, but 
under the microscope it is dull, and shows no colours under the polanscope 

Nos 2, 3, and 4 —Granite intrusive m quartzite and in schistose rocks at Leo, 
on the Spiti river It occurs in dykeB and veins Varying in thickness from 
30 feet to a fraction of an inch, and penetrates the rocks m all directions (See 
Records, Vol XII, p 60 ) 

2 A fine-grained granite 

3 A medium-grained giamte Muscovite having a brilliant silvery lustre is 
very prominent Schorl is not visible to the naked eye The felspar is of dull 
white colour, differing little m tint from the quartz A pink garnet is visible 
in the hand specimen 

4 A fine-grained granite Scarcely any muscovite is to be seen with a lens, 
but well-crystallised minute prisms of schorl are very abundant, and give the 
rock a speckled appearahee 

M —The quartz m^hese specimens is almost wholly of polysynthetic struc¬ 
ture, similar to the “ fish roe” quartz of the Dalhousie gneissose granite It con¬ 
tains liquid cavities with movable bubbles, though not in great abundance 

Orthoclase and plagioclase are both present, and, apparently, m nearly equal 
quantities The twinning is very fine, the lamell© being extremely thin. In some 
crystals they are slightly curved out of the perpendicular, m qther felspars cracks 
have been formed subsequent to tlie twinning, and have been filled with quartz, 
whilst m one instance the twinning has been faulted by a diagonal fracture All 
fiioaa circumstances seem toundicate conditions of strain connected with the in¬ 
trusion of the granite into the sedimentary rocks 
* Muscovite is abundant in all the specimens, and in all it polanzeq in delicate 
colours, but with extreme brilliancy,'as in the Dalhousie gneissose granite All 
the slices contain schorl, garnets, and a little green mica In No 3, the schorl 
and garnets are m strings, having a common direction, the result doubtless of 
traction Tbe garnets contain enclosures with fixed bubbles, and O&e of the en- 

* 1 Records, To! XlV, p 806 
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closures is apparently a “ stone cavity *’ Quartz enclosures are common m the 
schorl 

Neither magnetite nor llmemte is present, but red ferruginous drains are not 
uncommon 

Nos 5 to 12 —Granite from the cliffs above J&ngl, Sutlej valley I have 
described the mode in which the granite occurs in previous papers (Records, 
Yol X, p 221, Vol XII, p 57) The result of its study in the field on two occa¬ 
sions left no doubt in my mind of its intrusive character The»roek is white and 
fine-grained, and is composed of quartz, felspar, and biotite 

M —Quartz is more abundant than felspar, but not notably so Plagioclase 
is sparse, and is veiy subordinate to the orthoclase All the slices contain micro 
clme, except No 7 

Garnets are present, but they are very small, some of them contain liquid 
cavities with extremely minute movable bubbles 

Biotite is plentiful, it occurs m large groups, m which the folia are oriented 
in all directions and the basal cleavage is strongly developed, and also m the 
form of minute rounded or hexagonal-shaped microhths scattered abundantly 
through the ground mass Elongated microliths of it are also present, but they 
are not so numerous It is of nch brown green add green-brown colour in trans¬ 
mitted, and deep black in reflected, light 

Except in the form of microliths, muscovite is extremely scarce The only 
piece of any*size occurs imbedded m a group of biotite Thousands qf microliths 
of this mica are crowded together in many of the felspars m a way oxactly simi¬ 
lar to that described in my paper on the gneissose granites of Dallionsie 1 At 
times, they are scattered about m a promiscuous manner, at others, they conform 
to the direction of the cleavage planes of the felspar 

In the slices of the Jdngi granite under consideration, and in the gneissose 
granite of the Sutlej valley generally, these muscovite microliths—for such I take 
them to be—frequently assume very curious combinations, imitative or suggestive 
of organic structures, the result, I apprehend, of the imperfect development or 
arrested ciystallisation of these microhths At fig 91 \uave sketched a dend ritic 
combination that occurs in one of the shoes * 

At fig 10 I have given a sketch of crystals formed within a crystal (“ stone 
enclosure ”) with a contraction bubble, due to shrinkage on cooling This illus¬ 
tration is taken from slice No 8 As the Jangi granite is undoubtedly an erup¬ 
tive rock intrusive in the schists in which it occurs, it is interesting to compare 
the enclosures contained in it with those of roCks whose eruptive character is 
more doubtful 

Pigs 11,12, and 13 are sketches of microscopic crystals (greatly enlarged) 
found in shoe No 7, which are typical of the kinds of enclosures not m 

the granites and gneissoBe granites of the Sutlej valley No II contains numerous 
cavities with contraction bubbles in them No 12 encloses stone cavities, or 
crystals, with bnbbleB in them, and gas oavities, whilst No 13 contains cavities 
and crystals, one of the former of which holds a nearly rectangular crystal 
The crack observable in No 11 is probably due to shrinkage on cooling Enolo- 

1 Records, Vol XVI, p 181, 
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sares, sack as those depicted, are characteristic of igneous rocks, they show that 
the mass which contains them was subjected to great heat and was reduced to a 
more or leak fluid or plastic condition, that the crystals under observation con¬ 
tracted on cooling, and that they either caught up the micro-crystals and the 
fluids and gasses now enclosed m them in the act of crystallisation, or that the 
mineral matter at the time of consolidation deposited these endo-crystals, and the 
fluid and gas, held in solution, or occluded in it, when at a high temperature 
No 13 —Granite from a dyke near Rarang, Sutlej valley This dyke (Re¬ 
cords, Yol X, p 221) is about 300 or 400 feet wide, and cuts through thm-bedded 
mica schists up to the crest of the ridge, sending out large lateral vems into the 
schists It is a very fine grained rock, of much darker colour than the last, 
owing to the abundance of biotite present m it The felspar is very glassy look¬ 
ing, and much resembles quartz m colour and aspect A parallelism m the 
arrangement of the biotite, resembling incipient foliation, is, to a certain extent, 
observable 

M —Quartz predominates over the felspar, and orthoolase is very subordinate 
to plagioclase The slice eontams no muscovite, except in the form of microliths 
There are a few small garnets In general characteristics this rock much resem¬ 
bles the J&ngi granite, and doubtless it is only a variety of it 

The quartz contains numerous liquid cavities The great majority of them 
are without bubbles, others have fixed bubbles and some few movable bubblefe 
A flattened variety of liquid cavity, with a fixed bubble, is common • 

Several of the microliths have elongated shrinkage cavities or bubbles 
ITo 14 —Granite from the centre of a dyke intrusive in mica schists at 
Pangi, Sutlej valley 1 A fine-grained white granite, containing white felspar 
quartz, muscovite, biotite, and schorl The muscovite is in hexagonal-shaped 
packets 

M —Quartz is decidedly subordinate to felspar, plagioclase to orthoclase, and 
biotite to muscovite Schorl and garnets are present The muscovite is well 
ciystallised and is ix hexagonal plates The cleavage of both muscovite and 
biotite is strongly developed, and some of the biotite is enclosed m musoovite 
The felspar is free from microliths of muscovite and biotite A little micro- 
cline is present 

One of the garnets—or what I doubt not is a garnet—exhibits double refraction 
It is colourless in transmitted light, qnd is evidently unaltered, so that the double 
refraction is not due to alteration The garnet is also too large, and the slice is 
too thm to admit of the supposition that the section of the mineral under exami¬ 
nation is superimposed on a slice of quartz or felspar, so its abnormal behaviour 
between crossed nicols cannot be attributed to the intervention of a doubly 
refractive medium I have sometimes observed the peculiarity now noted m 
‘garnets in the gneissose granites, though the double refraction is usually very 
feeble 

One variety of garnet, colophonite, is said to,exhibit double refraction, and, vide 
B S Dana’s Appendix III, page 50, garnets are considered pseudo-isometrici 
and are referred to the tnchmc system by Mallard and Bertrand But may not 

1 Records, Vol X, p 281 
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the occasional and generally very feeble double refraction of some of the garnets 
of the granites and gneissose granites of the North-West Himalaya^ be due to 
strain and be simply one of the results of pressure consequent on intrusion ? It is 
well known that glass subjected to strain exhibits double refraction 

Liquid cavities, with fixed and movable bubbles, are abundant The bubbles 
are of good size, and for the most part cover about half the area of the cavity, 
indicating a condition of very great heat and great subsequent contraction on 
cooling The whole aspect of the rock shows that the granite, when injected 
into the schists, was m a completely fused or fluid condition, and cooled slowly, 
hence the perfectly crystalline condition of its component minerals 

No 15 —Granite from another large dyke Pangi, Bass&hir Similar dykes 
are rather numerous in the gneissose granite between Wangtu and Pangi 
Muscovite is plentiful, and a dark-green mica is rather abundant Schorl is pre¬ 
sent m some quantity The felspar assumes a green appearance here and there, 
owing apparently to the deposit of a thin superficial film of chlonte 

• M —Orthoclase is more abundant than quartz Plagioclase is present, but 
in very small quantity The double refraction of the muscovite is so great that 
the thinnest sections of it only show the feeblest colours in polarized light The 
basal cleavage lines of the green mica are well developed in some sections Mica 
is not present in the form of microhths 

Liquid cavities with movable bubbles are extremely numerous both m the 
quartz and in the felspar As in the last specimen, the bubbles are large relatively 
to the size of the cavities, and they are remarkably lively Much* of the felspar 
is opaque owing to the abundance of the enclosures in it, partly liquid and paitly 
unresolvable ones The slice contains gas cavities, bat they are not abun¬ 
dant I cannot call to mind any rock m which liquid cavities are more abun¬ 
dant than m this specimen I have not observed a single microhth m this 
slice 

As m the last rock described, this granite was evidently subjected to intense 
heat, and reduced by igaeo-aqueous action to a fused condition and subsequently 
cooled slowly * 

Nos 16 to 19 —Gneissose granite Wangtu* Sutlej valley, Bass&hir These 
specimens contain an abundance of very black biotite, in the arrangement of which 
parallelism of structure is very distinct. 

M -—In these slices orthoclase largely predominates over the plagioclase, 
whilst quartz and felspar are present m about gqual proportions Biotite and 
muscovite are both present, the former predominates in leaves of other than 
microscopic size, but the muscovite is abundant in mioro-crystalline agglomera¬ 
tions m the form of microiiths in the felspar, as described in the JAngi granite, 
slices 5 — 8 t 

The dendntio combinations described m connection with the J&ngi granite 
occur in these slices, and fig 9 is taken from one of them 

The quartz in t hef t** shoes occur! in grains of moderate size, and also in fish 
roe grams, the latter showing a decided tendency to assume hexagonal outlines 

1 A bnef allusion to the rooks at Wangtu u contained in my paper in the 10th Volume of 
^Records, pp 218, 219 
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The quartz contains numerous liquid cavities with bubbles, some of which aie 
movable Much of the felspar is very opaque, but m some the intersection of 
the basal onc^cLmo-diagonav cleavage planes is well seen 

This rock has all the appearance under the microscope of an ordinary granite 
of eruptive origin 

Nos 20 and 21 —Granite from the neighbourhood of Wangtu 
M —Plagioclase is the predominating felspar, though orthoolase is also present 
Microcline is (abundant and is of typical charaoter In slice No 14 one of 
the crystals is of large size The orthoclase and microcline taken together, 
equal, or nearly equal, the plagioclase 

Schorl is abundant, and contains numerous inclusions of quartz Biotito and 
muscovite are present, but in small quantities The quartz is very subordinate in 
amount to the felspar 

Liquid cavities with movable bubbles abound in the quartz, and I have ob¬ 
served some with fixed bubbles m the felspar The bubbles are of good juze, and 
the aiea of the cavities appears, at a rough guess, to be about two and a half 
times that of the bubbles contained in them 

The quartz enclosed m the schorl contains liquid cavities with movable 
bubbles, whilst the schorl itself contains cavities with fixed bubbles There are 
some microliths containing what appear to bejshnnkage cavities m them 

Beryl from a granite dyke near Wangtu, Sutlej Valley —I have beryl taken 
from a granite dyke which is intrusive m the gneissose granite c at Wangtu 
enclosed m quartz, in felspar, and in muscovite, and it is therefoie clear that 
beryl was the first mineral to crystallise An examination of thin slices of the 
beryl under the microscope is particularly interesting, as it enables us to ascertain 
the condition of the fused mass at an early stage of cooling before the quartz, 
felspar, and muscovite had begun to crystallise 

The examination of these slices shows that the magma must have been m a 
fluid state, aijd that a considerable amount of heated gas, water, and carbon 
dioxide were intimately blended with it m a superheated condition when the 
beryl crystallised 1 

The number of enclosures containing bubbles to be seen m these slices is quite 
extraordinary The enclosures are of various shapes, some are hexagonal, others 
are more or less round or of very irregular shapes The bubbles, as a rule, occupy 
about half the area of the cavities which contain them Some of the bubbles 
are movable, but the gre^t majority of them arc stationary* Many of the lacunas 
are full of liquid, whilst others contain gas, which in many cases has contracted 
on cooling Some liquid cavities contain globules of liquid carbon dioxide with 
enclosed vacuum bubbles—bubbles withm bubbles—the inner bubbles being 
movable and m some cases remarkably lively There seems to be no doubt of the 
* larger bubble being carbon dioxide, as the inner bubble disappear? when a piece 
of heated iron is brought near it and re-appears on cooling 

The beryl also contains some good “ stone cavities ” with fixed bubbles, that is to 
say, enclosures in which a stony base has deposited crystalline matter on cooling 
Nos. 22 to 25 —Gneissose granite at Ohora between Sarhan and Taranda, 
Sufclfej valley The extreme whiteness of the felspar is in strong contrast with the 
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blackness of tbe biotite, which is abundant A parallelism of structure in the 
arrangement of the biotite is, to a certain extent, observable in the hand specimen 
M — Orthoolase and quartz are probably about egual in amouq^, plagioclase 
is also present, but is subordinate, sohorl is very abundant, it is an large irregu¬ 
larly shaped pieces, and encloses rather large grams of quartz The slice also 
contains muscovite, biotite, and garnet. The biotite and muscovite are for the 
most part linked together m tortuous strings, leaves of the one occasionally 
alternating with the other species of mica micro-garnets, and rounded microliths 
of biotite are seattered rather freely through the slice 

Gas cavities are abundant, and there are good liquid cavities with movable 
bubbles The flat type of liquid cavities is also oommon 

The slice contains numerous stone enclosures that have deposited dusty 
matter on cooling One of these, depicted at figure 5, has been fractured, 
the fractures being probably due to contraction on cooling, and the subsequent 
dislocation to a tremulous movement of the viscid matrix In other cases, 
a instances of which are depicted at figures 6 and 7, these stone enclosures, or 
crystals, have either deposited mmute endo-crystais on cooling, or have in the 
process of their own crystallisation caught up previously formed microliths and 
held them in their embrace during consolidation 

Tn either case, the instances illustrated at figs 5, 6, and 7 show that the 
rock was, at one stage m its history, in a more or less liquid or fused condition 
At figf 8 I have given another illustration from those slices, in which minute 
crystals are contained m another crystal, which is itself caught up m, or was 
deposited from, a stone enclosure • 

The size of the hubbies m the liquid lacunss relatively to the area of the 
cavities varies considerably, but I should think on the average the cavities cover 
an area of from two and a half to three times that of the bubbles 

Nos 26 to 30 —Gneissose granite between Kalog and Bali, Sutlej valley On 
the high level road, now fallen to rum, between Nakanda and Rampur 

M —These slices contain some cavities that have deposited stony material, 
enclosures with fixed bubbles m them and microliths £hat contain cracks which 
have evidently resulted from shrinkage on cooling * 

Nos 31 to 33 —Gneissose granite from the Slot peak above the Bagi road, 
described at Vol X, p 217, Records 

M —This rock has all the appearance of a true granite under the microscope 
Orthoclase and plagioclase are both present—the latter m some abundance 
Biotite and muscovite are plentiful Quartz h subordinate to the felspar 

Muscovite is present m the form of well-cleaved folia and also as microliths, 
the latter bemg very abundant Biotite also occurs m large microscopic leaves 
grouped together, and m small rounded isolated ones of microscopic size scat 
tered through the ground mass a 

Long, attenuated, colourless microliths, often bent and broken, are present m 
considerable abundance, and appear to be imperfectly developed apatite 

Opacite occurs in some quantity, sometimes it is attached to microliths and 
at others is caught up inside them, m both oases bemg very similar to those 
descnbedm my paper on the lavas of Aden See figs 4, 6, 11,12, and 13 of thd 
filiate illustrating that paper Records, Vol XVI, p 158 
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Some mieroliths contain what appear to be shrinkage cavities and enclosed 
micro-crystals One of the former is undoubtedly due to shrinkage on cooling, 
as it runs the fcngth of the mtcrolith and conforms to its shape The illustration 
given at (a) of ng XI of the last-quoted paper applies equally to the mieroliths 
now described 

The quarts contains liquid cavities with movable bubbles, but they are not 
very abundant It also contains elongated prismatic enclosures that have 
deposited dusty matter on cooling 

Slice 23 contains some minute pnsms of schorl and some hematite or 
gothite 

Nos 34 to 50 —Gneissose granite, B4gi road All that needs to be noted 
regarding those specimens is that they contain liquid cavities with movable 
bubbles, numerous mieroliths with fixed bubbles and elongated shrinkage cavi¬ 
ties, running with the length of the microlith, and mieroliths cracked through 
shrinkage and fractured owing to a tremulous movement in the viscid njatnx 
These microhths have either caught up opacite at the time of formation or 
have deposited it on cooling, and they have opacite granules attached to them, 
m both cases resembling those described under Nos 31 to 33, and which have 
been compared with similar bodies m the Aden lavas 

No 51 —A dark porphyntic gneiss, from the flank of Hattu, between Hattu 
and Nakanda There is a small outcrop at about the same elevation as tho 
Nakanda travellers’ bungalow The gneiss contains small felspar “eyes” and 
large rectangular crystals of orthoclase 

M —This is, f think, a metamorphic rock It is composed of quartz m 
minute granules, orthoclase, a few crystals of plagioclase, and countless leaves 
of a dark greenish-brown mica There is complete parallelism of structure, and 
all the leaves of mica not only point in the same direction, but their optical 
orientation is perfectly homogeneous, and when the slice is revolved under a 
single nicol, extinction is simultaneous in all the leaves 

Some colourless micaf and some garnets are present, and countless crystals 
and granules of epidote There are no liquid cavities with bubbles 

Nos 52 and 53 —From the summit of Hattu These specimens would, if 
their macroscopical appearance alone were considered, be classed as ordinary 
and very typical gneiss 

The felspar is present m the form of eyes, and m elongated masses or strings 
of eyes, and occasionally m more rectangular crystals Many of the eyeB exhibit 
carlsbad twinning, the twinning plane coinciding with the longest diameter of 
the eye The matrix is strongly foliated, lines of dark mica curving round the fels¬ 
par crystals The cleavage planes of the rock sparkle with minute facets of mica 

M —Quartz predominates over the felspar and plagioclase ib sparse, A large 
crystal of orthoclase is twinned on the carlsbad type, and in one twin an inter¬ 
growth of plagioclase has taken place 

The leaves of muscovite and biotate exhibit a strong tendency to arrange 
themselves in strings which flow round the porphyntic crystals The leaves of 
biotite and muscovite in these chains often alternate with each other, at other 

* ' 1 Record*, Vol X, p 217 
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times part of a string is formed of leaves of biotite linked together, and the 
other portion of leaves of mnscovite combined together The leaves do not all 
follow each other m straight lines, but some radiate from the /sham at high 
angles to it. Extinction does not take place simultaneously it all the leaves 
of biotite as in No 51, bnt the greater proportion of the leaves in the field of 
the microscope extinguish together 

The mica is not confined to these strings, bnt is also scattered promiscuously 
through the shoe, and there are many rounded and elongated microliths of 
biotite in the shoe Some other colourless microliths are also present, but they 
are not numerous 

The quartz is m minute grains, and a general parallelism in the arrangement 
of these grains is distinctly observable Flat liquid cavities, with fixed bubbles, 
are rather numerous 

Liquid cavities, with movable bubbles, are abundant in some grains, but not in 
others 

Ddndntical muscovite is plentiful m one of these slices 

Slice No 52 oontams some small colourless garnets 

I think this specimen is an ordinary gneiss 

Nos 54 to 59 —Granite from the summit of the Chor mountain A medium- 
grained granite, containing quartz, felspar, a dark mica, schorl, and some small 
garnets Some of the larger orthoclase crystals are seen to he macled on the 
carlsbad type The rock has a speckled appearance owing to the superficial 
decomposition of some of the felspar 

M —It is not possible to determine the relative proportion of quartz to fels¬ 
par from mere inspection, for in some shoes quartz preponderates and in others 
felspar A maoroscopical examination of the hand specimen, moreover, does not 
enable me to decide the question On the whole, I think, quartz and felspar are 
pretty equally divided 

Plagioclase is present in some abundance, but it is decidedly subordinate to 
orthoclase . 

Fibrous felspar is to be seen in one of the slices, aqd it shades here and there 
into typical microchne * 

Orthoclase is occasionally seen to be twinned on the carlsbad type, and one 
crystal of this mineral encloses a small prism of orthoclase macled on this system 

Muscovite is very sparse except m the form of microliths, but these are so 
abundant in some of the felspars as to make it almost impossible to say whether 
the latter are monoclimo or tnclimc Some oryptocrystalhne mica is also 
present 

The biotite, in transmitted light, is of pale greenish-brown colour in sections 
that display the basal cleavage, whilst sections which coincide with the cleavage, 
me , those normal to the optio axis, are of deep nch reddish-brown , 

Garners, colourless in transmitted light, are rather numerous They are 
for the most part of good size, and frequently present regular crystallographic 
outlines The larger ones generally present six-sided sections, whilst some of the 
minute ones appear to be in the form depicted in figs 241, 242, and 246, page 
266, J D Dana’s System of Mineralogy, 6th edxtidn 
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Some of the slices contain patches of chlontic matter, which appears to be 
a secondary product resulting from the alteration of garnet One patch is four¬ 
sided, the side!* being straight lines, and is doubtless a pseudomorph after garnet, 
whilst, in other cases, small groups of garnets, some of which are m process of 
alteration, are embedded m chlontic matter, which, it seems probable, was 
formed from the degradation of some of the members of these groups One of 
the garnets exhibits a feeble double refraction 

The slice is stained here and there With ferric oxide apparently derived from 
the biotite, and this imparts rather a pink appearance to the rock viewed maeros- 
copically 

Two of the shoes contain grams of magnetite either caught up in or adjoining 
leaves of biotite I have several times seen the presence of magnetite fringing 
biotite or hornblende attributed to the decomposition of these minerals, hut I do 
not think there are any grounds for supposing that the magnetite has been derived 
from the biotite in this case, for the grains of the former are of considerable sire 
and the biotite exhibits no signs of alteration m tbeir neighbourhood *1 think 
the biotite was attracted to the magnetite, by molecular attraction, at the time of 
crytallisation and formed upon it Magnetic attraction even might come into 
play between magnetite and a mineral so noh m iron as biotite 1 In some speci¬ 
mens (J D Dana) the percentage rises as high as 26 9 

One piece of felspar contains a large prism of quartz with pyramidal ter¬ 
minations The felspar itself is a very peculiar object It is traversed in parts 
by irregular straight lines running in one direction that polarise in a different 
tint to the body of the felspar They are very fine lines with rather jagged sides, 
and they want the regularity of plagioclase twinning Some of them are long 
fttid some of them are short, some bifurcate towards their termination, others 
inosculate with each other These lines are traversed at a low angle by another 
set of larger and still more irregular lines, or veins, whioh here and there merge 
into the first set The second set of lines is filled in part with oryptocrystallme 
mica, and m part with felspar At their terminal ends they merge into patches of 
cryptocrystalline or dendritic mica It is difficult to say whether the two sets of 
ImftM are due to mtergrowth, or to cracks formed along intersecting cleavage lines 
before the whole of the mineral constituents of the rock had completely con¬ 
solidated Such cracking might easily occur m a viscid or partially consolidated 
rock subjected to great strain m the course of intrusion into hard stratified rocks, 
I think the appearances above described are probablv due to this cause 
Other felspars appear also to haVe been cracked, and filleo with a confusedly 
crystalline material which seems to be in part micaceous 

The quartz is in large and also m microscopic grains, liquid cavities with 
movable bubbles are not numerous, and they are of mmutesize, cavities with fixed 
bubbles containing a coloured liquid, or glass, are not uncommon. Hair-like 
belonites are numerous in the quartz, 

“ Stone enclosures,” or microlitbs, that have deposited minerals on cooling, 
oocur in these shoes A sketch of one is given at fig 1 The crystal deposited 

i Electro-magnets «re now used m chemical laboratories to separate minerals rich in iron 
from those poor m iron. 
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at (a) curved sides suggestive of sidente Other crystals have been had 
deposited at (6) The microlith has cracked m two places, probably the result of 
contraction on cooling, and one crack has resulted, apparently, w its/livision into 
two pieces 

At figs 2, 3, and 4,1 have depicted illustrations, taken from these slices, 
of opacite (apparently magnetite) deposited in oavities It is difficult to say 
whether the opacite was deposited on cooling from a glass which, when under 
high pressure, at a great heat, held it m suspension, or whether the glass was 
attracted to the opacite Figs 2 and 3 seem to me instances of the former, bnt 
whichever explanation be the true one, in either case the rock must have been 
in a fluid or semi-fluid state, and cases such as those depicted m figs I to 4 
seem to indicate that the rook, before consolidation, was in a condition of aqueo- 
tgneom fusion 

No 60 -—From the crest of the ndge of the Chor mountain above Barela 
This is seen to be composed of quartz, folspar, and black mica (biotite) Some 
of the felspars are in large porphyritio crystals The mica is embedded in the 
felspar and quartz, but it principally flows m streams round the felspar crystals 
and gives a gneissio aspect to the rock 

M —The quartz is m small grams with the meandering irregular outlines 
characteristic of the quartz of granite It is also present m the form of micro- 
crystals Orthoelase is abundant and tho slice contains a large carlsbad twin 
Plagioolase *is plentiful, but it is very subordinate to the orthoelase Biotite 
is abundant in large and in micro leaves Muscovite is present, but sparsely so 
Bounded garnets are numerous and one of them is embedded m biotite 

A cluster of epidote grams occurs m a tnclmic felspar, and a few other grams 
are scattered about in the slice 

The felspar alluded to contains multitudes of microliths, some long and hair- 
like, others of somewhat stout build Some of them apparently deposited mineral 
matter on cooling Fig 21 is an illustration of one of them 

The quartz contains numerous liquid cavities with good-«ized bubbles I have 
not observed movement m any of them Gas cavities are* not uncommon, and en¬ 
closures containing a coloured liquid, or glass, with fixed bubbles, similar to those 
in the specimen from the top of the Ghor, occur m this slice also 

Nos 61 and 62 —A felspathic schist from the vicinity of Barela The speci¬ 
men was taken from a bed below the outcrop of the gneissose granite 

M —Under the microscope this specimen resembles a micro-gneiss. Grains, or 
eyes of felspar and quartz, are arranged m approximately parallel lines, the 
vals between them being filled up with micro-grains of quartz and minute leaves 
of a brown-green mica The felspar is principally orthoelase—a little of it is 
plagioclase In one slice the felspar and quartz are eye-shaped, in the other 
they have the appearance of sub-angular and rounded grains * 

The mica is in minute leaves No basal cleavage is anywhere to be seen, and 
in oneBhde it is only diehroic here apd there, showing that the leaves are all turned 
one way so as to present axial sections 

This is unquestionably a clastic rock, though whether it is a micro-gneiss, 
properly speaking, or whether it is a somewhat altered sandstone, made up of gra- 
• Uiti^or gneissio materials, is more difficult to determine 


C 
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The quartz is not at all hyaline, and I have detected no liquid cavities in it 
No 63 —From the Chor mountain near Talichog This is a very dark speci¬ 
men owing tc the abundancq of black mica The hand specimen contains rectan¬ 
gular porphyrxtic crystals of felspar, one of which is 2$ mches long by 1J inches 
wide Two adjoining ones are twinned In one or two places the quartz and bio- 
tite have formed streaky- loo king combinations 

M —This generally resembles No 60 from Barela Orthoolase predominates 
over plagioclase, and felspar over quartz Garnets are numerous, and epidote is 
more abundant than in No 60 Both occur enclosed in biotite and also separately 
Epidote is commonly found m syenite, and it is supposed to be the alteration 
product of hornblende I have not as yet found any hornblende in these rocks 
There are nests of colourless microliths, some of which may be apatite, cracks, 
apparently due to shrinkage, are very common m them Some few have deposited 
mineral matter on cooling, or have caught up such matter in the act of consoli¬ 
dation 

Liquid cavities with movable bubbles are sparse 

The outer band at Dalhousie 
The following specimens were examined, namely — 

Nos 1, 2,3, 4, 3, and 6, from the neighbourhood of Bagrar (Bagraur), from 
the vicinity of Banatu (trana-Ravj), and from the ascent between 
Sherpur (Sairpur) and Dalhousie ^ 

Nos 7, 8, and 9, from the cart road near Dunhara (Damara) 

Nos 10, llv and 12, from below B&tn (Rampur of the map) 

Nos 13 and 14 from ChuAra (Chaohan) 

Viewed macroscopically,|Nos 1 to 6 and 10 and 11 would be classed as streaky 
gneisses, 7, 8, 9, and 12, as gneiss verging towards the granitoid type 13 and 14 
are porphyritic gneisses, inclining towards granitoid gneiss The porphyritio crys¬ 
tals are rectangular, and are oriented at varying angles to the line of pseudo- 
foliation 

I now proceed to give n an account of the structure of these specimens as exhibit¬ 
ed by thin slices under the microscope 

All the specimens contain quartz In some shoes the quartz predominates over 
the felspar, in others the latter is m the ascendancy On the whole, quartz is 
probably somewhat more abundant than felspar 

Nearly all the quartz is in the form of fish roe grains, similar to that described 
uymy paper on the gneissose-granate of Dalhousie It meancfers through the slice 
inStrings, and fills cracks in felspar crystals The grains are extremely minute 
and frequently show a tendency to hexagonal outlines 

Orthoclase is present m all the slices, and microoline is observable in shoes 
Ifoa 8, 10, 12, 13, and 14, being plentiful in No 12, but not abundant in the 
others 

Plagioclase is absent in Nos 2, 4, and 6, plentiful in No 12, but sparse in 
the remaining shoes Orthoclase, therefore, largely predominates over tncknio 
felspar 

Biotrte is present in Nos 7, 8, 9, 10,11, 13, and 14, and a mica, dark green m 
transmitted light, that is probably biotite, is present in the rest 
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Muscovite is present m all the slices, and it occurs both m its foliated form and 
as microliths In No 4, the latter are so abundant in some of the felspars as to 
nearly overpower the felspathic element and to give £he felspars superficially a 
micro-felsitio aspect. 

Cryptocrystalhne mica occurs in all the specimens, and is plentiful in some 
slices It is drawn out into strings, and meanders about in a stream-like course, m 
the manner described m my paper on the gneissose granite of Dalhousie 

Magnetite, femte, and garnets, are to be found m all, whilst schorl is abun¬ 
dant m No 12, but absent from the other slices 

Liquid cavities with movable bubbles are present in all, except Nos 
8, 9, 10, and 11 They are of good size m Nos 4 and 5, but are generally 
very minute m the remaining slices They are very numerous m Nos 4, 
5, 7, 12, and 14, but are somewhat sparse in the others In No 12 they are 
not only abundant m the quartz, but are almost equally so m the felspar and 
schorl a large garnet is also full of them The cavities and bubbles m the 
schorl add garnet are relatively much larger than those in the quartz and 
felspar, and would seem to indicate that the schorl and garnet crystallised at 
an earlier stage of consolidation of the rock than the felspar and quartz In 
this slice, even a microhth of muscovite contains liquid cavities with movable 
bubbles In No 14 a microhth contains seven cavities with fixed bubbles, 
which appear to be liquid cavities If these are glass cavities, they would afford 
a strong argument in favour of the igneous origin of the rock, but even on the 
supposition that they are liquid cavities, the presence of numerous liquid cavities 
crowded into a minute microhth indicates that, when the latter Consolidated, the 
rock must have been in a fused or plastic condition, and the intermixture of 
super-heated water or steam with the mmeral constituents of the rock most 
intimate We have already seen that when the beryl of the Wangtu eruptive 
granite crystallised, the granite was in a similar condition A sketch of this 
microhth (much enlarged) is given at fig 20 It reminds one very much 
of the microhth figured at fig 11, taken from J&ngi granite Air or gas enclo¬ 
sures are present m all the shoes, and are sometimes abundant 

I now proceed to note some points of special interest dbserved in the several 
slices 

In No 1, the twinning planes of the plagioclase are sometimes very much 
bent out of the perpendicular, showing that they were subjected to considerable 
strain between the time of their crystallisation and their attainment of perfect 
rigidity A similar feature is observable m some of the other slices 

At fig 15 (a) I have given a sketch of a crumpled mica seen m slice No. 
7, which appears to have been doubled up after crystallisation, whilst the lamina* 
were still pliant, in the manner described in my paper on the gneissose granite 
of Dalhousie (see fig 4, plate II, of that paper) In that paper, I attributed the 
crumpling to* traction 

The mica is muscovite, (a) the substance m which it is embedded is a struc¬ 
tureless, whitish, opaque substance, analogous to leucoxene (b), m the illustra¬ 
tion, is the termination of a long string of fish roe quartz 

At fig 14 I have given a sketch, taken from slice'No 1, in illustration of 
• a peculiarity characteristic of these rocks, (a) is a narrow stream of leucoxene, 
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or allied substance, white in reflected, but perfectly opaque in transmitted, light 
The dark line (2>) that runs along the lower border of the leuooxene is red femte 
(e) is a train \if magnetite, <ir llmemte grains, m the stream of lenooxene' and 
(d) is a garnet The femte, it will be observod, does not come into contact with 
the grains of magnetite or llmemte I do not think that the leuooxene has been 
produced by the decomposition, tn s-du, of the iron grams, for several reasons 
In the first place, the grains of magnetite do not show any trace of decomposition 
along their edges,, but are perfectly fresh throughout Secondly, grams of mag¬ 
netite are to be seen in other places quite unconnected with the leuooxene, whilst 
streams of the latter substance are common between which and the non no direct 
connection can be traced The femte, on the other hand, is often directly con¬ 
nected with magnetite The explanation of the above facts appears to me to be 
as follows when the plastic rock was at rest, the acid and aqueous vapours con¬ 
tained in it began to act on the mm, and leuooxene was formed by the action of 
the former on the llmemte, and femte by the action of the latter on the magnetite 
Motion succeeded to the temporary rest, and then the leucoxene and ferrite were, 
under the influence of traction, drawn out into strings in which the undissolved 
fragments of llmemte and magnetite were frequently entangled 

This explanation, of course, involves the supposition that the iron first crys¬ 
tallised and was afterwards acted on by the corroding action of acid vapours 
contained m the rock, but this suggestion Will present no difficulty to those who 
have studied, under the microscope, such volcanic rooks as the dolente of 
Auvergne, in which the corroding action of vapours on some of the minerals 
contained iq the lava is frequently to be observed 

Since writing the above lines, I have come across an interesting remaik re¬ 
garding femte in Mr J J Hams TealTs Cheviot Andesites and Porphyntes (Geo¬ 
logical Magazine, Decade II, Yol X, p. 257) In describing a porphyrite showing 
“ well-marked flnidal structure,” he remarks “ The femte is especially abundant 
m fiuidal bands and stripes which curve round the larger crystals m a very 
characteristic maimer t Vogelsang describes a similar distribution of femte in 
certain of the Hungarian quartz-trachytes " 

The above fact that femte has been observed drawn out in “ fiuidal bands 
and stripes ” m true lavas by competent observers, affords an important confirm¬ 
ation of the conclusion I independently arrived at regarding the origin and signi¬ 
ficance of the femte “ bands and stripes ” m the rock under consideration 

The felspars (orthoclase) in these slices sometimes contain intergrowths after 
the manner of perthite * In some oases the mineral mtergrown with it is felspar, 
at other tames quartz 

Cracks in felspars filled up with fish roe quartz axe very common, whilst 
occasionally the latter appears to be the residuum, left m pools, so to speak, in the 
interior of felspars, after the separation of the alumina and the other consti¬ 
tuents of the felspar 

At fig 16 I have given a sketch, taken from slice Ho 6, of what appears 
to have been a large felspar, cracked and split into pieces and then pushed 
over like books on a shelf by pressure and traction At any rate the outlines 
dertamly suggest this idea The cracks are filled partly with fish roe quartz^ 
but principally by cryptoerystalhne mica The dark portion at the bottom 
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consists of dark micaceous, imperfectly crystallised matter, running in'ropy lines 
through the slice The several pieces of felspar shown in the sketch are all m 
optical continuity with each other, and appear to be fragments of one crystal 
At fig 18 I have represented a minute stone cavity, found i& slice No 6» 
m which crystalline matter has been deposited on cooling The upper mineral 
has a distinctly hexagonal form, whilst the lower mass seems to be an agglomera¬ 
tion of stony matter rather than one ciystaL Forms such as these show distinctly 
that the mass in whioh they are found was reduced to a fused or plastic condi¬ 
tion by heat 

At fig 171 have depicted a cavity, seen m the same slice (No 6), which 
contains a large air-bubble The cavity was evidently once filled with air, to the 
expansive power of which the formation of the cavity is due, but the air contract¬ 
ed on cooling to its present size The bubble, as will be seen m the sketch, seems 
to be a little too wide for the cavity, this appearance, however, is simply due 
to refraction, the empty portion of the cavity acting on the light passing through 
the miuferal differently from the bubble of air 

* Fig 19 is another illustration of the same kind taken from shoe No 12 
The cavity is m a schorl crystal, and contains air or gas that has contracted on 
cooling The bubble does not contain the central transparency usually Been in 
air bubbles, but it shines brilliantly in reflected light like an air or gas bubble 
^ These cavities and contained air or gas bubbles—and they are by no means 
the only examples of the same kind contained m the shoes under description— 
afford ovidence to show that these rocks were subjected to sufficient heat to 
reduce them to a plastic condition The bubbles on cooling appear to have 
contracted to about half their original size, from which I infer that the rock 
was raised to a high temperature The fact that the cavities themselves are not 
circular, is explained by the fact that their shape is controlled by extraneous forces, 
f\Tid among others the crystallographic energy of the molecules of the mineral 
m which the cavity is formed, air or gas caught up by a mineral in the act of 
crystallisation would expand, not equally m all directions, but along the lines 
of least resistance which would usually coincide with the cleavage planes of the 
crystallising mineral 

Conclusion .—The rock specimens described m this paper come from an 
extended area The first is that of granite intrusive m mica schists above 
Darwas, m the Fangi valley of Ghamba, the next is granite intrusive in the 
schists at Leo, on the Spiti nver Other specimens are from the cliffs above 
Jingi, in Bass&hir* on the Upper Sutlej, and from dykes at and near Rarang 
and P&ngi, m Bassahir 1 

There can be no doubt whatever of the eruptive character of these granites, 
for they are seen in the field to cut across the schists, and m some cases to 
penetrate them in all directions I thought, therefore, that they would be good 
rocks to cotnpare with the gneissose granites of neighbouring regions 

Following the line of the Sutlej nver, I collected my other specimens at 

Wangtu, at Chora, at the Kot pdak and the B&gi road, at Bali, and at the Hattu 

rtinnnkin above N&kanda, in the neighbourhood of Simla I then passed to the 

% 

1 Cbtimba P£ngi is on the River Ravi, Baas&hir F&ngi is on the Sutlej 
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Chor, a prominent mountain abutting on the plains, and, finally, I came to the 
outer band of gneissose granite at Dalhousie 

The granule from the ^yke that bursts across the schists above Darwds 
(slice 1) is interesting, from the fact that, when viewed macroscopically, it 
exhibits some slight traces of incipient parallelism of structure due to traction 
It possesses no other structural peculiarity worth noting The latter fact, I 
may remark m passing, shows that when examining a single slice of a granitic 
rock under the microscope, with a view to determining whether it is of eruptive 
or metamorphic origin, mere negative evidence is not of much value 

The Leo granite has several points worthy of consideration Nearly all the 
quartz in it is of polysynthetic structure, similar to the fish roe quartz of the 
Dalhousie gneissose granite , and this shows that the conclusion which I arrived 
at m respect of the latter—namely, that the fish roe grains do not indicate a 
clastic ongin 1 —was sound 

Another point to be noted is that liquid ca\ lties with movable bubbles are not 
very abundant in the Leo granite Liquid cavities may be abundant in Borne 
parts of a granite and not in others, their sparseness, or even absence in a single 
shoe, therefore, is of little importance m determining the igneous or metamorphic 
origin of a rock 3 

Evidences of strain are seen in the Leo granite m the curvature of the 
twinning planes and the cracking of felspar crystals 

The muscovite of this granite polarises nr delicate colours, but with extreme 
brilliancy, precisely as it does in the gneissose granites, the dullness of the 
muscovite of the ^Durwas and Pangi specimens, under the polanscope, does not 
therefore indicate any structural or varietal difference dependent on their mode 
of origin Both the Leo and Darw&s specimens are from dykes intrusive in 
schists 

In No 3, garnets and schorl are drawn out into strings—an indication, I thinly 
of traction 

The biotite in such rocks as the J&ngi granite (Nos 5—12) may be usefully 

compared with the dark qjioa in such rocks as the gneiss of Hattu (Nos 51_53) 

and of Barela (Nos 61 and 62) In the former, the basal cleavage of the mica is 
well developed, the folia are oriented in all directions, and the biotite em¬ 
braces garnets or other minerals In the gneiss alluded to, on the other hand, 
the dark mica is m minute scales which do not exhibit any frnad cleavage, 
moreover, when slices of the gneiss are revolved over the analyser, the mica 
either fails to exhibit dichroiBm «at all, owing to all the leaves being avyi 
sections, or extinction takes place simultaneously in the whole, or in the majority 
of the leaves, an indication in both cases that the scales of mioa are all in the 
same plane,—a fact that points to a metamorphic or clastic rather thaw to an 
igneous origin 

c 

* Records, Vol XVI, p 130 

* To prevent any misapprehension of my meaning I may add that though the abundance of 

liquid cavities with movable bubbles is very characteristic of a plutonio eruptive rock_see 

remarks ante on the Wangtu beryl—hquid cavities are also to be found m some matftnw'npV^ 
rocks, as will be shown in my next paper 
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“ Stone enclosures,” which contain endo-minerals, gas, and lacuneo with 
fixed bubbles m them (figs 11—13), are to be seen m the J4ngi granite 

These stone enclosures afford good evidence of the rock which contains them 
having been subjected to great heat and of having been reduced to a more or less 
fluid or plastic condition, and they are useful for comparison with similar bodies 
formed m the gneissose granite 

In the granite from the dyke that bursts through stratified rock at R&rang, 
a parallelism m the arrangements of the biotite resembling incipient foliation is 
to a limited extent observable on a macroscopic inspection 

In the P&ngi granites liquid cavities are very numerous, and the bubbles are 
of large size relative to the area of the enclosures containing them This indi¬ 
cates that the rock was subjected to great heat and pressure, whilst the perfectly 
crystalline condition of these rocks shows that they were in a fused or fluid 
condition and cooled slowly 

A little microchne is present in the Pangi granite (14) and it is abundant in 
the Wangtu granite (20, 21) 

I now pass from granites proper to the gneissose granites, or what used to bo 
called the granitoid gneisses of the Sutlej valley 

In mineral composition these rocks do not materially differ from those of the 
granite group above alluded to Both classes contain quartz, orthoclase, plagio- 
<$ase, microcline, biotite, muscovite, schorl, garnets, and magnetite 

With the exception of beryl and kyanite in the neighbourhood of Wangtu, 
and epidote and chlonto m some of the Chor specimens, I have not found any 
other minerals in the samples examined 

In the gneissose-granite of Chora stone cavities or crystals, containing endo- 
crystals and enclosures (figs 5—8) of the same class as those found m tho 
granites proper (figures 9—13) were found In fig 11 (Jdngi gianite) the 
microlith is severed by a crack, apparently the result of shrinkage In fig 5 
(gneissose granite) the microlith is cracked m two places and dislocation has 
resulted owing probably to a tremulous movement passing through the viscid 
matrix * 

The gneissose granite of the Chor mountain contains a good-sized pnsm of 
quartz, with pyramidal terminations caught up in a large piece of felspar This 
seems to indicate a more or less fluid stage m which the quartz pnsm had time 
to form free from any excessive pressure from the surrounding felspar 

Stone cavities, qimilar to those found m the granites, which have deposited 
endo-crystals, or mineral matter, occur m the ^Chor rocks, and illustrations of 
these bodies are given at figs 1—4 and 21 

These rocks also contain coloured liquid or stony enclosures with fixed 
bubbles, and microliths that have cracked, apparently from shnnkage on cooling 
I think ,the rocks which I have classed, in the above pages, as gneissosfo 
granites, afford under the microscope the same kind of evidence, and as good 
evidence, of having passed through a stage of aqueo-igneow fusion as the 
undoubtedly intrusive granites 

The further foot that they have been m motion has been established for the 
exactly similar rocks of the Dalhousio area, and I hQpe in a subsequent paper 
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to give further and very convincing proof of the eruptive character of tho 
latter 

If the Dafhonsie rock if* granite, I do not think this style and title oan be 
denied to the rocks which I have classed m this paper as gneissose granites 

I must not be understood, however, to deny that in the North-West Himalayas 
we have to deal not only with granite and gneissose granite, but also with true 
gneiss The rook found on flank and summit of Hattu looks like a very typical 
gneiss, and the examination of thin slices under the microscope supports the 
view that this is its true character 

I now pass on to consider the outer band of gneiss at Dalhousie Viewed 
macroscopically, this is a streaky foliated rock of schistose aspeot, to which no 
one from a superficial study of it in the field, or from the examination of hand 
specimens, would think of assigning an igneous or eruptive origin 

The question to be determined is whether these appearances are delusive, and 
the foliation is a pseudo-foliation due to traction, and the squeezing of a viscid 
rock between beds of hard strata, or between the walls of a fault, or whether the 
rock is a true gneiss 

In mmeralogical character these rocks do not differ from the gneissose 
granite of Dalhousie Like the latter, the outer band is composed of quartz, 
orthoclase, microchne, plagioclase, biotite, muscovite, cryptocrystallme mica, 
magnetite, femte, garnet, and schorl 

Liquid cavities with movable bubbles, on the whole, are about as'‘numerous 
as in the gneissose granite 

Felspar is present m abundance m the outer band, but on the whole quartz 
probably predominates over it m amount Monochnic felspar largely predomi¬ 
nates over tnclunc felspar 

As in the gneissose granites of Dalhousie, the Sutlej, and the Chor, muscovite 
microliths are so abundant m some of the felspars as to nearly overpower the 
felspathic element 

Not only do crystala r of schorl and garnet contain liquid cavitieB with movable 
bubbles, but even microliths enclose them The presence of such cavities m these 
minerals, and m microliths, shows that the rock must have passed through a 
fused or plastic stage during which super-heatod water must have been intimately 
mixed with the mineral forming substances m a state of flux Fig 20 is a sketch 
of one of the microliths alluded to, and it is of precisely the same character as 
that represented at fig 11, by its side, taken from the Jfingi granite 

Conditions of strain are indicated by the twinning planes of plagioclase 
being bent out of the perpendicular, whilst another felspar (fig 16) has appa¬ 
rently been cracked and the resulting pieces pushed over like books on a shelf 

A crumpled mica, fig 15, occurs in one of the sheas, which will bear compari¬ 
son with fig 4, Plate II, of my paper on the gneissose granites of Dalhousie 
(Records, Vol XVI, p 133), and doubtless the explanation given of the latter 
applies to this one also „ 

Strings of a white substance resembling leucoxene, and of red femte, which 
have resulted from the decomposition of magnetite, llmenite, or other iron-bearing 
minerals, are common m these slices, and at fig 14 I have given a sketch of a 
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tram of magnetite or llmemte fragments entangled in a stream of leucoxene, and 
I have given my reasons m the preceding pages for believing that the leucoxene 
•was not derived from the decomposition of the magnetite or llmemte/ia situ 

At fig 18 a “ stone cavity ” which has deposited crystalline matter on cooling, 
taken from slice No 6, is represented, which will bear comparison with similai 
bodies found mthe Aden lavas, and repiesented at fags 4,5, and 6 of the plate 
which illustrates my paper on those rocks (Records, Vol XV , p 159 ) 

At figs 17 and 19 (the lattei is enclosi d m a schorl crystal!, I have sketched 
cavities containing air or g is bubbles, which have contracted subsequent to the 
consolidation of the rock, and now imperii ctly fill the cavitu s which doubtless 
they once fully occupied, when < xpanded under the influence of heat 

The facts stated above appear to me to jmn e that the rock under examination 
was subjected to great heat, that it passed tlnough a stage of aqueo-igneous fusion, 
and that before its complete solidifac ition it was subjected to gteat stiam and 
pressure 

If the inferences I have drawn from the tram of magnetite or ilmenite frag 
ments in the tram of leucoxene, and from the presence of a crumpled mica, are 
sound, it also follows that the rock, or portions of it, weie in motion 

The mere fact that the rock, or a portion of it, was in motion does not, ot 
course, prove its eruptive character Gieat pressure, exei ted on sedimentary 01 
rbstamorphie rocks, may result m motion , is, foi mstaneo, the cases m which lime 
stones iindA 1 the influence of gieat piessuie imitate eruptive rocks and become 
intrusive in others But m the ease of the Dalhousie “ outer band ” the whole 
rock has evidently been m a condition ot igm o-aqueous fusion, and evidence ot 
motion m such a lock acquites additional importance 

If we take all these facts into consider ition, togethei with the furthci fact 
that in mmeralogical composition the rock under consideration is identical with 
that of the neighbouring gncissosc grimte, which has been shown to bo an emp 
ti\e rock, may we not fauly conclude that both rocks have the same origin, and 
that the structuial difference between them, which is ono o£ degree only, is due to 
the outer band having been intruded as a sheet between*hard strata, or forced 
between the walls of a fault in a viscid 01 putially consolidated condition, and sub¬ 
jected to great pressuie and squeezing it right anghs to the direction of tin 
flow ? I think myself this is a reasonable infeienee to draw from the evi¬ 
dence 

It is clear, as shown m the preceding pages, that the “ outer band ” has passed 
through a stage of aqueo-igneous fusion On thfi other hand, I do not think that 
great heat is required to explain the mctamoiphism of the schists in contact with 
the “ outer band ” along its northern bound uy—the passage of moderately-heated 
water through slates seems to be all that is necessary to account for tho produc 
turn of micas of the class to which those m these schists belong * 

In a recent tour, the results of which 1 hope to publish in a future paper, I 
found highly micaceous slates, that # might be classed fairly as mica schists, intci- 
calated between perfectly unaltered daxk blue caibo-tnassic limestones—-a circum 
stance by no means puzzling when wo know that certain micas—all the hydi o- 
micas piobably—ean be pioduced tlnough the agency of modciatcly heated watei 
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On the whole, then, I thunk there are good grounds foi assigning a different 
origin for the “ outer band ” and for the schistose rocks m contact with it 

The conclusion at whicji I have arrived, on a consideration of all the facts of 
the case, is that the invasion of previously metamorphosed strata by gneissose 
granite, combined with the pseudo-foliation of the latter due to the pressure of 
hal'd strata on a partially cooled and imperfectly viscid rock, has imparted to the 
intruded rock the superficial appoarance of being a member of the same metamor- 
phic senes as the schists and slates into which it has intruded 

There is no inconsistency, I would point out in conclusion, in supposing that 
the rock which gives evidence of having passed through a Btage of aqueo igneous 
fusion was partially cooled and semi viscid vvheie actually intruded into the 
schists Observation in oui own time shows that there arc pauses and long inter¬ 
vals in volcanic action, and doubtless similai pauses took place in plutomc 
action duung which the cooling and partial consolidation of igneous masses went 
on and the luge porphyntic crystals found m many of them were formed The 
subsequent motion of a paitially consolidated viscid rock and its intrusion as a 
sheet between liaid strata, or between the wills of a fault, would, it seems to me, 
naturally produce a parallelism of structuie, or pseudo-foliation, as long ago 
pointed out by Scrope and Naumaun 1 

The “outei bind” of Dalhousie seems, m some respects, to be analogous to 
gianulite (leptynite), a foliated rock associated with gnoiss and othei crystalline 
locks m Sixony, Bohemia, and Moiavia, which is < lapsed as eruptive by Naumann, 
M M Fouqu6 and Michel Levy, and other petrogiapheis 2 

The mica of gianuhte appeals to be at times disposed ‘ m scaly seams entirely 
dividing the rock,” a maikcd char inter istuJ of the “ outer band ” of the Dalhousie 
gneissose granite 


DESCRIPTION OF THE PLATE 

Fig 1 —Stone cavifty, or microlith, in the gneissose granite of the Chor, which 
has deposited crystals oh cooling Taken fiom slices 59—64 

Figs 2, 3, and 4 —Opacite, probably magnetite, deposited m cavities Chor 
gneissose granite Slices 59—64 

Figs 5, 6, 7, and 8 —Illustrations of stone enclosures, in which mineral bodies, 
enclosed in the gneissose granite of Chora, have either deposited minute ciystals 
on cooling, or have, in the process of their own crystallisation, caught up pre¬ 
viously formed microliths Slices 22—25 

Fig 9—Dendritic combinations of muscovite, microliths, gneissose granite, 
Wangtu Sutlej valley Slices 16— 19 

Figs 10, 11, 12, and 13 —Stone cavities containing crystals and internal cavi¬ 
ties with contraction bubbles Granite, Jfingi, Sutlej valley Slices Nos 5—12 

i See Scropo, Q J G S, Vol XII, p 846 And his work on Volcanoes, pp 108,144—202 
Naumann “On the probable eruptive origin of several lands of gneiss and gneiss-granite ” Q. J. 
G 8, Vol IV Translations and Notices of Geological Memoirs, p 1 

* Geikie’s Text Book of Geology, p 124 Cotta’s Rocks classified and described, p 221 
Mmeralogie Micrographiqut, par M M Fouqne ct Michael L6vy, p 174 
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Fig 14 —Strings of red ferrite and a white substance resembling leucoxene 
m which fragments of magnetite or ilmcnito are entangled Outer band of 
gneissose granite, Dalhousie Slice No 1 » * 

Fig 15 —Crumpled mica Outci band, Dalhousie^Shce No| 7 
Fig 16 — A largo fclspat, cracked, split into pieces and pushed over as books 
on a shelf Outer band Slice No 6 

Figs 17 and 19 —Cavities containing air, or gas, that has contracted on cool¬ 
ing Outer hand, Dalhousie Slices 6 and 12 

Fig 18 —Stone cavity in which mincial mxtter has been deposited on cooling 
Outci band, Dalhousie Slice No 6 

Fig 20—Microlith containing lacuna with fixed bubbles Outer band, 
Dalhousie Shoe No 14 

Fig 21—Miciolith th it h is deposited mineral matter on cooling Gneissose 
granite, Choi Slice No 65 


Kcpuit the Choi Coal Lxplorition, 1 by G F Srorr, M E (With a map) 

In this ioport I pm pose to txki each place separately and treat of its coal 
prospects 

The coal here lies at the hast of the hills , it had been worked previous to my 
j anival by mt ms of headings dnven m the hill-side and 

Choi, marked A on pits, then is hardly any coal left, nearly all ha\ing been 

P* au v\ orked * 

A boimg marked B on plan was put down to the depth of 80' by Mi 
Craythoine, but without suet ess, it is e\ ident that noregulai seam of coal occurs, 
the quantity pitwouslj extracted lying m pockets The stiata are very contorted, 
and I question much, if coal were found, whether it would pay the cost of labour 
Near the village, and along the Chablowala nuddy indications m the shape of 

black earth, and shale appear, but nothing substantial ^enough to guarantee a 

tual » 

Leaving Choi and proceeding eastwaids, the outcrop is seen on the side of 
2 the mam road, and also down the hill, further east, I put 

Between Choi and down a boring marked C on the plan On reaching lime- 
Mnugi, marked C on stone, I stopped the boring and commenced sinking to 

the black shale met with at the depth of 32' 4' From 
here a heading was dnven in the dnection of the dip of the coal (which is almost 
perpendicular), but when it had been driven 8 yards the coaly shale thinned out, 
another heading was driven, but that also toi the same reason was abandoned 
No actual seam was met with, the black shale that was followed had small paifci- 


1 The exploration described in this report was suggested and earned out by the Depaitment of 
Public Works In order that so seaichmg a trial of the ground may not be lost sight of, the account 
of it is appiopnatcly published in these Becords The locality is in the Chita range, ten nulcs 
south of Attock A general description of thegiound oy Mr Wynne was published in 1877 Records, 
Vol X, p 107 The pseudo coil measures arc those neiu the base of the numinulitic senes which 
have so often raised sanguine expectations of coal in the North WesHPunjab —II B M 
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clesof blight coal m it, but this, as was observed above, giadually thinned out to 
nothing It is evident, therefore, that hoie and in the immediate neighbouihood 
where more indications are to be seen, there is not the slightest hope of any 
workable coal joeing fov u 

Indications! of coal crop out here and thu c along the foot of the hills, until 
No 3 the place maiked 1) on plan is reached Here coal has been 

Boiing at Mungi, extracted by means ol headings and pits, the letter arc 
maiked D on plan ^ mostly full of water, so that the galleries underneath can¬ 
not be inspected, it is evident, however, from the headings that there is very little 
coal remaining 

I put down a boung to the north of the previous workings, after a depth of 
11' 4" liuu stone was re idled , the boring w is tontinni d in this strata to the depth 
of 57', the progress being slow, ind there not bi mg the slightest chance of striking 
coal, it was abandon* d 

There is nothing here to tempt another trial, the quantity of coal that may be 
left being very small 

The outciop continues almost in a straight line to the east To test the strata 
^ a boung was put down at the place marked E on plan 

Bonnp east of Mungi, It will be seen, on refining to the account of the boring, 
marked E on plan that up to date no si am h is bet n sti uck, although a depth 

of lOOfiet has been reached The boung is still pioccedmg, but I am afiaid it 
will meet with no sui cess • 

Leaving the hills, I thought, m order to thoioughly test the locality, that a 
^ 5 couple of deep borings should bi put down m the plain 

Boring mur Haro, where it is evident the strita lie more horizontally Ac- 
maked F on plan coidingly, a boxing was staited at the place marked P on 

plan After meeting with gicat difficulties the strata have been bored through 
nearly to the depth ot 200 feet, and by leCemng to the account, there does not 
Beem much likelihood of meeting with success The boring is now m stiff blue 
clay, and prbbably limestone will be met underneath , should this occur it will be 
useless to proceed further 

A bonng was commi need hero intended to be as deep as the othei, hut at the 
6 depth of 55 feet an uni xpcctcd bed of sand and pebbles 

Boring at Dlien Khot, was encountered All the bormg pipes being required 
marked (i on plan near the Haro, it was abandoned Should, however, the 

present bormg prove successful, it will be easy enough to stait this one 

Traces of coal having been discovered between Choi and Bagh Nilab, I 
thought it would be as well to put down a trial pit On 
West of° Choi, not the 1 4th April it was commenced, and at the depth of 
marked on map 15 feet a heading was driven at an inclination of 1 in 3 

ijjrto date, nothing substantial has been found, although black shale bands occur 
with particles of bright coal in them I do not think it probable that a seam 
lies heie, but very likely a small quantity of coa^ similar in nature to that at Choi, 
may be extracted 

Between here and Bagh Nilab no indication of coal is found, at the latter 
place there are slight traces, but nothing sufficient to guarantee a trial 
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Scotj Report on the Ctroi Coal Exploration 
Summary 

From what I have seen of this district, and from the several borings, the con¬ 
clusion I have come to is, that the prospects of fmdttwany sufficient quantity of 
•workable coal either at Choi, Mungi, or the countryiying to tie west and east 
respectively, is very slight 

The coal itself is of a poor quality and resembles black shalo more than any¬ 
thing else , it seems to be a good gas producer, and that is all that can be said in 
its favour » 

The only chance of making this exploiation a success has lt u n tried,—that is, 
boring m the plain , had coal been stiuck, the seam would have lam at a more 
convenient angli, and theie is no doubt but that there would have been a vast 
quantity of coal to work 

It is very evident that no seam lies m the hills, and, with the exception of Choi 
and Mungi, no coal has been worked, dthough trials have been made m various 
localities , it is almost conclusive, therefore, that the coal lies m pockets, and to 
, work this seems to me to be fai too speculative 

Fiom J T OCaltaouan Esq Fnqmeir m-ChieJ, Punjab Northern State 2lailuay. 
Not them Section, to the Dieecto) Geneial of Railways,—No 1335, dated 17th 
May 1883 

I have the honour to forwaid heicwith a report with plans on the search for 
coals m the Kala Chitta range ol hills south ol Attock carried out under the 
instructions < onveyed m youi No 022 C of 16th Novembei 1882 

Mr Scott’s ltpmt confirms the opinion I had already given m my No 4074 
of 22nd Octobei 1880, to your addicss, and also the pubhsht d opimon of tho 
officers ot the Geological Department 

While Mr Scott was canning out his exploration, I visited the district and 
went with him over most of tbi pin cm where any indications of coaly matter 
appeared Tho Kala Chitta range ol hills consists almost altogether of grey 
nummulitic limestone, the beds of which are much contorted and^are traversed 
by many faults Near Choi the beds ire tilted nearly* vertical, and between two 
of the beds it. a bed of brownish shale from 4U to 50 ft et m thickness This 
shale bid is traceable for some nnles m an easterly direction from Choi, and at 
intervals in it. pockets of black coaly sink arc found The pockets are lenticular 
m form and of no great extent in any direction, and when excavated have always 
died out within 40 or 50 feet of the suifatc of the giound The so-called coal 
when excavated has also proved to be of little value as a fuel It was of service 
in burning lime and keeping down the price of wood at a time when all prices 
had a tendency to undue inflation But the attempts to make it into patent fuel 
fit for locomotive purpose has been a complete failure, the heat given out beinn* 
much infepor to that obtained from an equal quantity of wood fuel, — 

In my opinion, any hope of procuring coal in the Kala Chitta range may be 
abandoned now and for ever ^ad there been any appearance of a continuous 
seam of even the coaly shale found, deeper workings m it might have shown a 
better quality to exist below, but there is no continuity or regularity m the 
recurrence of these pockets, and the fine vertical section of the w hole range of 
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hills which is made visible m the channel cat by the River Indus, shows that the 
great disturbance of the whole formation of these hills must preclude all hopes of 
horizontal beds of any kinds being found—see also opimon of Superintendent, 
Geological Surhe^, expi^uaed m his lottei No 255, dated 29th September 
1880 ' 

What grounds Mr Johnson had for the statement made m lus No 2845 of 
12fh August 1882, to the Secretai)- to Government, Punjab, paragraph 5, that 
“the pocket theoiy was found to be erroneous, the so called ‘ poekets ’ connected 
with each other and de\elope into seams, while the coal improves immensely in 
quality as the depth of the pits meieased,” I am at a loss to imagine In no 
case has any pocket been found to extend into a seam, and without exception they 
have worked out m every direction m which they have been tried , and when last 
at Choi Mi Johnson was unable to point out any continuous seam oi to give any 
data on winch his veiy sanguine report could haae been founded I can only 
infei that Mr Johnson based his repoit on information receivod from a man 
named Craythome, the practical miner refeircd to m paragraph 6 of his report 
This man was originally a soldier m the 44th Regiment, and was tiken from the 
regiment to woik m the Warora Mines in 1874 oi 1875, which situation he left 
and wandered up-counti y in search of work His employment by the Ext cutive 
Engineer was allowed, to assist in proiunng fuel, and it was of course to his 
interest to make favourable reports m order that his employment might be con¬ 
tinued He abscondc d from Choi a short time before Mr Scott’s appointment 

The bonng marked F is still contmuod and sandstone under the blue clay is 
reported, but this Is piobibly only one of the thin bids of sandstone everywhere 
seen in the « cent deposits through which the Haro river has cut its way Tho 
ultimate results of this boring will he rcpoited, but it dot s not seem necessary to 
delaj this report for it 

In conclusion, I beg to say that Mr Scott has taken much pains with the 
work on which he was employ ed, and I trust that he will be more successful m 
the Salt-rang{^ wheie I understand the manage! of the hne is about to employ 
him He has been given the usual month’s notice that his services wnll not be 
required further at Choi, and the tools, &c , used by him will be stored at Pmdi 
until required elsewhere 


From J T O Callaghan, Esq, Engmeer-in-Chief, Northern Section, Punjab North¬ 
ern State Railway, to the Director General of Railways,—No 1851, dated 12th 
June 1883 


In continuation of my No 1335, dated 17th May 1883, I have now the honour 
to forward Mr G Scott’s supplementary report on the bore-hole put down near 
s^he Haro nver at the point marked F on the plan already forwarded 
VX/ymitted to mention that the bore-hole was put down in the bed of the river 
about 70 feet below the average surface of the ground, and therefoie represents a 
hole of a depth of about 320 feet 

The record shows that nothing but alluvial deposits have been passed through, 
and go further to confirm the views I ha\ e alw ays expressed regarding this 
district 
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Supplement to report on the Ohm Goal Exploration 

In this supplement, I purposo to give a farther account of the deep bonng 
near the River Haro, mentioned in'Ho 5 paragraph of my former report On 
referring to that, it will be seen that the boring had nearly .reached the depth of 
200 feet, and my supposition was that a bed of limestone was close at hand It 
was then thought that it would be advisable to discontinue the work, but after 

further discs^ion it was decided to go on, and soe what the nature of the stone 

y • 

was s 

Accordingly, after clearing the boring, it was re started on the 19th May, and 
at the depth of 201' 6' sandstone was reached, the rock proved, however, to be only 
4" thick, and below, beds of loam, sand, and dark yellow clay were met At a 
depth of 233' 11" sandstone with a total thickness of 8' 3" was bored through, and 
then again a bed composed of a mixture of loam and sand was found 

Pinall^flB. the 7th June the bonng was abandoned, the depth then reached 
being s £tm 6" and the strata sandstone 

h'rom the above short account, and from a study of the boring sheet noting 
the various strata pierced, the conclusion n rived at is, that even at the depth of 
250 feet the bonng had not gone below the silt and sediment deposited hy the 
river how far this deposit extends is a matter of conjecture, but, in my opinion, it 
would be some tame before it could be bored through, and then no advantage 
would aevue, as it is highly probable limestone would be the strata met with 

The bonng itself was put down m a ravine close to the*Haro, and only 8 teet 
above low-water lev el The cliffs which border one side of the nver are 70 feet 
high, so that it will lie seen that at the termination the bonng was really 320 feet 
below the actual surface 

To have i ontmued would have been a mere waste of time and money, as I have 
not the slightest hesitation m saying that a furthei search would prove utterly 
useless 

In my opinion, everything has been done with a view of finding a profitable 
seam of coal, the bonngs and trial pits have been put down m the most advan¬ 
tageous places, but without tho success I confidently expected from the surface 
indications 

« Section of Bonng on tho Haro River 


Depths 

Strata 

Depths 


Strata 

21' 

0" 

Soil and pebbles 

194' 

5" 

Loam and sand 

37' 

O'' 

Yellow clay 

cor 

6" 

4" sandstone 

70' 

0" 

2'0" baud stone 

204' 

9" 

Loam and sandstone 

83 

6" 

Yellow clay 

211' 

2" 

Loam and sand 

94 

10" 

2' 6" sandstone 

217' 

5" 

Dark yellow clay 

108' 

0" 

Yellow cla> 

| 233' 11" 

Soft sandstone 

115' 

or 

Running sand 

242' 

0" 

Loam and sand 

121' 

4?' 

Yellow clay 

249' 

3" 

baudstoim 

144' 

2" 

Blue clay 

252' 

6" 

184' 

9" 

Dark blue claj y* 





Notb —If Mr Soott’s figures can be trusted, of whieh I regret to hear there is some doubt, 
the bonng on the Haro would be of considerable, geological interest, as proving that this great 
spread of alluvium, the principal area of which is known as tho Pesfihwar valley, lies in a deep rock 
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basin It has indeed become a safe general inference, that areas of deposition are thereby areas 
of depression, still new facts m evidence are not superfluous The sui face level at the boring is 
only about 25 feet above that of the Indus, twelve mileB to the west, where it turnB at a right 
angle into its gorge through the Chita range 

The expectation to find the coal fiat and abundant under the alluvium in a 1 egion of extreme 
contortion as exhibited in the surrounding hills, is a speculation that could only occur to the 
practical man ”—H B M 


On the re-discovery of certain localities for fossils m the Siwalik beds, by R D 
Oldham, ARSM, Geological Surtey of India (With a map ) 

Having recently had the good fortune to re discover the long lost fossil locality 
described by Sir Proby Caatlty at the base of the section m tho Siwalik hills, it 
has been consideied desirable to put on recotd a detailed descriphon ^ the locality 

For this discovery I am mainly indebted to Mi A Smythies, Deputy ^Conser¬ 
vator of Forests, who, when deputed a short wink ago to enquue into the question 
of the effect which the clearing of the forests from the slopes of the Siwaliks has 
had on the floods that annually enter and cross the Eastern Jumna Canal, made 
careful enquiries of the suivivors of those who weie employed on its constiuction 
as to the locality from which the fossils had been obtained, the result of his 
enquiries was that they had been discovered during tffe excavations cay icd on in 
connection with the wgrks m the Kalawala Rao These, which aic shown in the 
annexed sketch plan, consist of the principal bund, A, which was designed to 
throw the waters of the stream into a channel which does not enter the canal, and 
a small spur, B, highei up stream, intended to guide the current against the prin¬ 
cipal dam On visiting the spot we found at the head of both the pnncipal dam 
and the spur a very peculiar rock, a conglomeiate with a calcareous sandy matrix 
full of fragments of clay and decomposed slate with hardly a paiticle of harder 
rock, such might very propeily be called a “ clay conglomerate,” but “ clay marl ” 
must be acknowledged to be a misleading name, stall gravelly clays are sometimes 
improperly called marls, and the name might he applied by an engineer who did 
not profess to be a geologist Through this rock are scattered, though not 
abundantly, small fragments of bone, always bioken, water-worn, and disjointed, 
and without exception converted into oxide of iron (haematite) As described by 
Sir Proby Cautley, reptilian teeth were not uncommon , besides these we found 
a mammalian molar imbedded in a portion of the ramus, a piece of the thigh 
bone of a small animal about the size of a sheep, a piece of a rib of some large 
animal, and portion of the carapace of a tortoise 

As regiuds its position in the section, the bed is exposed in the Kalawala Rao 
on the southern side of the anticlinal fully 1,000 feet above the lowest beds seen, 
here there are twv^distinct beds, but in the valleys to the west three or more are 
occasionally seen] The same or similar beds are well seen in the Kotn and Kusum- 
n Raos, but I was unable to detect them in the Badshai Rao (Tunli pass), while 
to the eastwards 1 doubt not it would be found if searched for, as 1 have seen a 
very similar bed m the Dholkund Rao, but at the time expecting to find the 
fossils in a clay bed I did not search it 
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This has an important bearing on the discovery of similar fossils on the 
northern face of the Nahan hill it is of course possible that the lower beds of 
the Siwahk range are of the same age as those of which the Nahan hill is formed, 
but taking into consideration their very different mineralogical facies and the 
fact that they being situated at a greater distance from the Himalayas are far more 
exclusively composed of sand and pass up into coarse conglomerates, it can hardly 
be called probable, and it is far more likely that the Nahan fossils were either of an 
entirely different age or that they were obtained from an outlier of the middle 
Siwaliks, as has been suggested by Mr Medhcott (Mem Geol Surv India, III, 
105), and again by Mr Theobald (Rec Geol Surv India, XIV, 71) 


On some of the Mineral Resources of the Andaman Islands m the neighbourhood of 
Port Ble *?by F R Mall ft, Deputy Superintendent, Geological Survey of 
IndiUtf* 

Towards the end of last year specimens of various minerals, which had 
been discovered in the neighbourhood of Port Blair by Mr M V Portman, 
Assistant Superintendent, were sent to the Geological Survey Office for examina¬ 
tion Amongst them were found ores of chromium, copper, iron, and sulphur 
Later on Mr Poitman himself visited Calcutta, bringing with him furthei samples 
Judging frdln these, and from the account given by Mr Portman of the ores as found 
m situ, the indications seemed to be sufficiently promising & make an examina¬ 
tion of the ground advisable I was accoidingly directed to proceed to Port 
Blair and carry out such investigation 

Although it may be assumed with some degree of probability that the geolo- 

Geological character of £ lCal structure of the Andamans is of very much the same 
the country near Port character throughout, the only portion of the islands 
Blair concerning which we possess any certain knowledge, from 

direct obseivation, is that comparatively near Port Blair Messrs Kurz 2 and 
Ball 8 have shown that the strata are mainly sandstone and shale, which have 
been much altered m places through the intrusion of eruptive rocks 

Fiom Mount Harriet, one of the culminating points of a ridge to the north of 
the station, and about 1,200 feet above the sea, a wide bird’s eye view can be 
obtained, which gives a good general idea of the orography, and indeed of the 
geology too, of the surrounding country The island for many miles to the 
north of the harbour and Port Monat is traversed by a numbei of parallel ridges, 
running a little east of north, which, like the Mount Harriet ridge itself, are 
probably formed, in the mam, of sandstone and shale, with rather a high dip m 
most places The sandstone is generally fine-grained, of yellowish-white, grey, 
or greenish tints Nests of lignite have been found m it here and there 
Occasionally it includes subordinate layers of conglomerate, comjibsed of small, 
well rolled, mostly quartzose pebbles^* More or less calcareous beds are also found 

* Vide Mem Geol Surv Indin, III, pp 15-16 Rec Geol Surv India, XIV, 71, note 

* Report on the vegetation of the Andaman Islands, p 2 

* J A S B 1870, Vol XXXIX, Pt 2, p 231 ' 
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amongst the sandstones, but I am only aware of one band of pure limestone 1 
Between some of the ndges, at least, there are level bottoms of alluvial land 
Although this part of the island would seem to be composed very largely of 
sedimentary strata, eruptive rocks are by no means absent, serpentine, &o , having 
been met witli m several places The structure of the hills to the south of the 
harbour appears to be less regular, and this irregularity would seem to be due 
to the greater development of eruptive rocks there Of these the most important 
is serpentine, which occurs both in large masses and m dykes The north-east 
part of Rutland island is mainly formed of it, the rock being dark green and often 
spangled with small crystals of bronzite Seams of white (tnclinio P) felspar, a 
few inches thick, traverse it here and theie, but are not common There are 
also occasional thin seams of cellular quartz, containing some earthy oxide of 
iron, or of manganese, m the cavities Small layers of brown opal have been 
met with m the same connection These seams occur betjjg^en joints in 
the serpentine the jointing is often strongly marked, and, w^p highly 
developed in one direction only, gives the rock somewhat the appearance of 
bedding Serpentine is also largely developed at Bird’s Nest Gape and to the 
north, at Homfray’a Ghat, and other places Hornblendic, chloritic, and fels- 
pathic forms of rock are frequently found m association with it 

On referring to the map of India one sees that the line of elevation con¬ 
stituting the Arakan Yoma is represented further south by the Alguada reef, 
Frepans and Coco # islands, and the Andamans The orographical connection 
between the Arakin and Andaman ranges is accompanied by an equally close 
geological one The formations of the latter “ are extremely similar m appear¬ 
ance to the Negrais rocks of the Arakin Yoma, and in all probability belong to 
the same group ” 8 Serpentinous intrusions are also common in the rocks of 
both localities 


In as far as any a prion opinion can be formed from the above geological con¬ 
nection as to the metallic wealth of the Andamans, such opinion must be of an 
unfavourable character, as no useful ores are known to occur in the Arakin 
Yoma “ The only ores [in Burma] which need be noticed for practical purposes,” 
Bays Mr Theobald, “ are those of iron, tin, lead, copper, antimony, none of which, 
save iron, are known west of the Sittoung,” 8 and the localities noticed by the 
same writer, where iron has been worked, are to the east of the Irrawidi. The 
apparent barrenness of the Arakin hills, however, cannot be taken as conclusively 
proving that the Andamans are equally unproductive, although certainly tending 
to suggest that such may be the*ease 

Along the sea coast at Ring-u-Ching, a place some miles south of Port Blair, 


Hematite, pynte, and 111,0 highly altered or eruptive rocks Here and there 
chnicopynte at h&ug u these are traversed by veins, the mam constituent of 
Chang v which is hematite, but which include a considerable pro¬ 

portion of pyTite (iron pyrites) and cbaleopynte (copper pyntes) in much smaller 
quantity The veins constituted of these ^wes are very irregular and sometimes 


* P 85 

1 Manual of the Geology of India, Ft 2, p 733 

* Supra, Vol VI, p 91 
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branching, but short and strangulated, none that I saw being traceable for more 
than a few yards In one place I observed a mass of pure pynte more than a 
foot thick and two feet long, but it could be seen that vein died out completely 
within a few feet Although, therefore, individual specimens of somewhat mi 
posing dimensions can be obtained, I saw nothing leading me to suppose that the 
mineral could be profitably worked Nothing like a steady vein is to be seen, and 
it would be obviously hopeless to mine on the chance of meeting with scattered 
irregular nest-like veins like the above The same remarks apply to the copp< r 
pyrites The proportion is too small, and the cupriferous veins too irregular, to 
allow of profitable work, although an occasional lump of some size may be obtained 
In the jungle, perhaps 50 yards from the beach and the above-mentioned 
veins, Mr Portman had excavated some tons of ore, from what seems to be a true 
lode running m a N —S direction At the main excavation the lode is several 
feet thick at least, but the entire breadth was not exposed at the time of my 
visit TJuW'ore, taken in bulk, is composed mainly of chlontic quartz and hema¬ 
tite (occurring chiefly as micaceous iron) The other constituents are iron- and 
copper-pyrites Although large lumps of good hematite can be obtained (one that 
I saw contained a couple of cubic feet of mineral free from admixture), the ore 
m bulk is worthless as an ore of iron, firstly on account of the large proportion of 
quartz, and secondly on account of the pyrites, which is still more fatal The 
quartz might be separated to a considerable extent by picking, but it would 
be impossible to free the ore from sulphur in this way To mine in hard 
rock, and then hand-pick such a sulphurous ore, would be manifestly im¬ 
practicable, when high-class ore in inexhaustible quantity is to be had on the sui 
face m so many parts of India The amount of iron pyrites is too small 
to allow of the ore being worked for sulphur, and the proportion of copper 
pyrites is quite insignificant, although here and there a lump of some size may 
be obtained, one piece that I secured containing a couple of pounds of solid ore 
The above is the opinion that I formed on the spot, but I have, since my re¬ 
turn to Calcutta, been able to check it by assays of the ore A quantity, weighing 
perhaps a couple of tons, and which may be taken as a fair sample of the whole, 
had been brought m to Port Blair, and at my request Mr Portman had about 
three-quarters of the amount broken up small The broken ore and dust were 
thoroughly mixed together, and a large bagful taken, which was reduced to 
powder in the laboratory here and mixed again On assay it yielded— 

Per cent. Per cent 

Copper * 10 =■ Copper pyrites 30 

8u!phnr 10 74 = Iron pyrites 1 . 2018 

Insoluble siliceous residue 37 60 

More than half a million tons of pyntes are now used per annum in England 
for the manufacture of sulphuric acid The average percentages of sulphur in the 
mineral imported from different countries are as follows — 


Spanish and Portuguese 
Westphalian 


Per cent 
46 to 50 
44 5 


After deducting the sulphur m the coppm-p« rites 
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Per cent 

Belgian 

44 

Swedish 

42 

Italiftn 

8& to 46 

Irish 

85 

Ornish 

. 28 


Out of 550,000 tons imported about 1880, 500,000 were from Spam and Portugal 1 
Cornish and Irish pyrites “are, as a rule, cupreous ores, but of very low value 
Their chief fault is the poor percentage of sulphur, whereby the cost of carnage 
and manipulation, &c, is, of course, very largely increased All payments for 
storing, carrying, breaking, burning the ore, and treatment of the burnt residue, 
are as laTge for weak as for nch qualities, and therefore far heavier, relatively ” 8 
With reference to the value of these ores, 65,916 tons were laised in the United 
Kingdom m 1872, valued at £39,470, or £0-11*11 f a ton m 1832, 11,074 tons 
were raised in Ireland, valued at £5,743, or £0-10-4£ a ton It willo&qgen, then, 
that the poorest class of ore m the English market contains about three times as 
much sulpbur as that of Rang-u-Ching, and although the ore denveB its value m part 
from the small amount of copper it contains, which is extracted from the residue 
after tjje pyntes is burnt, still it only fetches 10 or 12 shillings a ton The 
R&ng-u-Chdng ore would be unsaleable at any price, as the proportion of sulphur 
is so low that the ore would not support combustion m the kilns The pyntes 
could not be concentrated by hand-picking, firstly, because it is 'too much 
scattered through the gangue, and secondly, because, being much more brittle 
than the quartz and hematite with which it is associated, it would be broken 
dunng the operation into a powder which would require subsequent washing tor 
its separation Such ‘ smalls ’ do not fetch more than a third the price of pyntes 
m lumps At present there is no demand for pyntes in India, but were such to 
spring up, ore like that hitherto obtained in the Andamans could not possibly 
contend against that from Spam 

It is weli known that many pyntons lodes contain little or no good ore at the 
surface, but at a moderate depth are nch enough This, however, is due to 
the decomposition of the back of the lode, and the carrying down of the 
valuable constituents m solution as Bulphates The Rang-u-Ch&ng ore is per¬ 
fectly fresh and unchanged close to the surface, and consequently there is no such 
reason to anticipate an improvement by sinking deeper The lode may improve 
below the surface, but there are no grounds for anticipating that it will The 
same may be said with reference to the longitudinal extension By excavating 
along the course of the lode it may be found richer m some parts than where it 
has been tued, but it is quite as likely that it may be found very much the same, 3 
or even poorer I recommended that a cut should be made across the lode at the 
present excavation, so as to ascertain the entire width, but at the time ^tbour could 
not be spared 

1 A Manual of the Alkali Trade, by John Lomas, p^3 

* Ibtd* p 11 

* Mr Portman bad made a smaller excavation at some distance from the mam one, and the ore 
was of the same character 
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The ore was also assayed for gold, and fonnd to contain a minute trace only, 
with no silver 

A little south of Corbyn’s cove the road to Brookesabad crosses a vein, which, 
on the west side of the road, is five yards thick The 
Co^byn^cove 111 ** S ° Utn rock is a ferruginous and chlontic quartz* containing a 

little iron pyntes disseminated through it, and copper 
pyrites in still smaller amount Between the road and the sea the vein is less 
definitely marked, being represented by several irregular smaller veins One of 
these consists of quartz containing a fair proportion of copper pyntes 1 mixed with 
iron pyntes As the vein is two feet thick at one point, large blocks of ore can be 
obtained presenting rather an attractive appearance, but within a few feet the 
vein thins out to two or three inches, then thickens somewhat again, and a few 
feet further on dies out altogether Taking the mam vein in bulk, the propor¬ 
tion of copper ore is very low, while as a source of sulphur the amount of pyntes 
is quite insignificant The pyntous quartz was assayed for gold (and silver) and 
found to contain none 

The vein runs about S 20° W, and may possibly be a continuation of that at 
R&ng-u-Chang If so, there is a considerable change in the character of the ore, 
that at Corbyn containing much less iron and more copper. 

Some of the shales m and about Fort Blair contain lenticular nodules of clay- 
ironstone of varying size up to 6 or 8 inches diameter 
m shale 1 ™ 1181 * 110 They are not sufficiently plentiful, however, to be of any 

practical use 

A specimen of black iron-sand from Havelock Island, which was sent to me 

„ , by Colonel Cadell, the Chief Commissioner, was found 

to consist of magnetite 

In Volume XVI, p 204, an extract is given from an official letter of Mr Port- 
man’s to the Chief Commissioner, describing the posi- 
gson' r ° mite at ^' ha ^ ar * taon in which a large block of chromite, and some smaller 

pieces, were found at the village of Chakargaon * Mr Port- 
man pointed out the locality to me, of which I subsequently made a close exami¬ 
nation The village is situated at the foot of an uregular line of rounded hill 
which runs south-westwards from Mount Haughton, and which is formed of sand¬ 
stone and shale with some subordinate calcareous strata The large block of 
chromite was found a little south of the village by the side of a small water¬ 
course It was a loose piece resting on, and partly embedded m, a talus composed 
of sandstone fragments The other lumps wire found close by in a similar 
position Just south of the block is a somewhat larger watercourse, in which 
an almost continuous section of the rooks is exposed from the foot of the hill to 
near the top They are exclusively shale and sandstone, with a high dip to the 
south-east, ajtid no fragments of terpentine (or of chromite) are to be found 
m the stream The hill is, I believe, beyond doubt composed entirely of shale 
and sandstone from the position m jrhich the chromite was found to the summit 
As there is every reason to suppose that the chromite here, as in so many other 
parts of the world, occurs m connection with serpentine, it is, 1 think, certain that 

1 About 30 per cent, or 10 per cent, of copper 
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the blocks did not come from the hill-side above From the site of the block there 
is a gentle slope downwards for about 20 yards, at the foot of which an alluvial 
flat begins, beneath which there may be a mass of chromiferons serpentine which 
formerly extended over the position of the block, but which has been cut away by 
denudation At the very foot of the hill, indeed, there is a mass, some feet across, 
of a serpentmous rock mixed with calcite 1 Similar rock can be traced at inter¬ 
vals along the foot of the hill, both to the south west and the north-east, but al¬ 
though I followed it for about a mile, not a single piece of chromite was to be seen 
m connection with it 9 I had a trench excavated across the outcrop of this rock 
at Cbakargaon, but no chromite had been met with at the time I left Port Blair 
I think the continuation of this trench would be the best way to carry on the 
work, although I cannot say that I feel veiy sanguine of success That there is a 
deposit of chromite concealed somewhere not far from the spot where the blocks 
were found, is dear, but that such deposit is a large or persistent one is more 
doubtful If a strong vein, or number of lenticular masses extending along a 
certain line, existed of such ore, which is not liable to decomposition, the mineral 
would most probably betray itself by fragments along the outcrop Tet none 
such have been found except in the one spot 

The occurrence of the mineral at Chakargaon being an indication that the 
Andamanese serpentine is more or less chromiferous, it 
T .ffr ite ftt * lut * an< * seemed to me that the localities where serpentine was 

t known to occur elsewhere should be examined With 
this view I went with Mr Portman in the Gr S Celerity to Rutland Island, the 
north-eastern part of which is almost wholly composed of the rock in question 3 
I ascended four different streams, but m none of them was a single pebble of 
chromite to be found Mr Dawson, however, in washing for platinum in three 
of theBe streams, 4 obtained more or less fine black sand, which on examination 
proved to be the mineral we were in search of On the sea beach, at the mouth of 
one of the streams, similar sand, which had been brought down by the current 
and then beaten back by the waves, was met with m layers more than an inch 
thick When the sand from all these localities is examined under the microscope, 
it is seen that, in considerable proportion, the grams are well-formed octahedral 
crystals, with the edges scarcely at all rounded by attrition By pounding, 
sifting, and elutriating the massive chromite of Chakargaon, a sand can be artifi¬ 
cially produced which, to the naked eye, resembles that of Rutland Island, except 
that it is less lustrous in appearance Under the microscope, however, no crystals 
can be detected, the sand being made up of irregular broken fragments It is 
the crystalline facets of the Rutland Island sand which gives it its lustre 

Taking, then, into account that not a single fragment of massive chroopite was 
found, and that the sand could not, apparently, have been produced from the 
oomnunution of such, I am strongly inclined to behove that the mineral occurs 

3 Tbs “ diorite and porphyntic trap,” mentioned at^p 204, Vol XVI, do not exiat 
9 The hill ha* been completely cleared of jangle, bo that the outcrop m not concealed by vegeta 

tion 

3 P 80 
* 4 P 86 
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disseminated through the serpentine m minute crystals, and therefore m a form 
of no practical value I should mention that one of the streams ascended was 
not more than half a mile long altogether, the place where the sand was obtained 
being about midway in its course Even, then, putting the crystalline character 
of the out of count, it is difficult to believe that the Substance in mass could 
be so completely and finely comminuted dunng so short a journey 

I also examined the serpentine at Bird’s Nest Cape, at Homfray’s Ghat, m the 
hills south of Corbyn and Protherdfepur, and m more 
elsewhere ** chro “ lte than one locality north of the harbour, but found no 

massive chromite at any of those localities I cannot 
help suspecting, therefore, that the mineral is not very plentiful in that part of 
the Andamans The contrast between the streams m Rutland Island and those 
in the H£nl6 Valley in Ladik, 1 where also serpentine is largely developed, is very 
marked In the latter, lumps of chromite, often many pounds in weight, are 
scattered about m plenty 

In the not very numerous cases m which platinum has been traced to its 

parent rock m other parts of the world, it appears to 
Search for platinum f r . 

have been found, m most instances, either in auriferous 

quartz veins traversing crystalline rocks, or (accompanied frequently by chromite) 

in serpentine Search was consequently made for it at Rutland Island Mr 

Dawson, the gunner of the Gelertty, who had had many years’ experience m 

Australian gold-washing, washed in three different streams, but not a single 

particle of the metal was found 

About 300 yards north-east of Chota Protheroepur a band of massive 
k ^ cream-coloured and greenish-white limestone, containing 

veins of calcspar, outcrops at the foot of the hill The 
strata dip at a high angle, and the band is several yards thick, but does not show 
above the alluvium for more than 30 yards or so along the Btnke The same 
band outcrops again, however, with a thickness of 10 or 12 yards, in a hillock 
about half a mile N 36° E of the village Although it is only'exposed at 
the south-west end of the hillock, it probably extends the whole length, for 
say 100 yards, beneath the surface soil, if so, there is a large supply above the 
level of the alluvium, and consequently available by open quarry On the north¬ 
west side of the village of South Corbyn the rock outcrops a third time, 
forming a small hillock The band seems to be about 8 or 10 yards thick, 
dipping at 70° part of the limestone there is reddish 

An analysis of the rock from the first-named outcrop gave— 

96 45 
09 
116 


Carbonate of lime 

„ „ magnesia (by diff ) 

„ „ i«>n 

.Insoluble residue (mostly sand) 


2 30 


100 00 


As there appears to be a considerable (although not unlimited) supply avail¬ 
able from free-draining quarries, and a much larger quantity by going beneath 

* Memoirs, G S I, Vul V, p 1,66. 
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the level of the alluvium, it is worth consideration whether this limestone could 
not be profitably exported to Calcutta 1 The most distant outcrop is less than a 
wnta from the sea at Corbyn, where the stone could he loaded into boats and 
taken round to the harbour Lime has for some years past been imported into 
Calcutta from Katm, m the Jabalpur district, if it pays to transport it more than 
seven hundred miles by railway, it would certainly seem that it ought to pay to 
transport the stone about the same distance by the much cheaper sea carnage * 
The Andaman stone is fully equal m punty to the best of that from Katm, an 


analysis of the latter yielding— 

Carbonate of lime 94 65 

„ „ magnesia (by diff) 2 98 

,, „ iron . 68 

Insoluble lesidue , 179 


10000 * 


Besides its use for lime, the Andaman stone would make a good cream-coloured 
marble It could be quarned m large blocks, or m slabs, several feet m length 
and breadth A reddish marble could also he obtained 

While on the subject of lime, I may mention that there is an inexhaustible 
supply of volcanic ash, or puzzolana, at Barren Island, similar to that obtained 
from some of the extinct volcanoes of Central France, and so largely used there 
as an ingredient of hydraulic mortar 

Mr Ball has already alluded to the serpentine at Homfray’s Ghat, from an 
economic point of view * The stone is mostly weathered and 
Serpentine shattery on the surface, and to obtain it in a perfectly 

sound condition it would be necessary to quarry some distance into the hill¬ 
side Scattered over the hill, however, especially near the top, are numerous 
large blocks of stone which have resisted disintegration to a great extent, and 
some of which are fairly sound, although, being more or less fissured, it is doubt¬ 
ful if slabs "of large size could be cut from them But if serpentine should he 
locally required m small quantity, for the supply of which it would not pay to 
open a regular quarry, these blocks would be worth attention 

Serpentine is known to exist m many other places, but, taking quality into 
account, there is none, perhaps, more favourably situated than that just mentioned 
In the midst of some reclaimed land at Aberdeen Mr Portman discovered a 
large mass of vanegated red jasper, which has doubtless 
been'exposed through the denudation of the softer rocks 
around it It would make a handsome ornamental stone if polished, but in cut¬ 
ting large slab? there would be some nsk of meeting with drusy cavities which 
occur here and there through the rock. 


Jasper 


1 the lime noyr used at Fort Blair » made from coral, bat I tru informed by Colonel 
Protheroe, the Deputy Superintendent, that it is of rathei inferior quality, as the salt nwnap fc be 
thoroughly washed out of the raw material, and subsequently effloresces out of the mortar 

* In tin* connection it rany be noted that 100 maunds of (pure) limestone yields 56 mfond s 
of quicklime and 73 of slaked lime 

.•Vol. XVI, p 112 

* J AS B, 1870, Vol XXXIX, Pi. 2, p. 237 
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The Intertrappean beds tn the Deccan and the Laramie group in Western North 
America, by M Neumayb ( Translated from the Neues Jahrbuch, fur 

Mtneralogtc, etc , 1884, Vol I ) 

White’s recent work on the fossil land and fresh-water shells of North 
America 1 gives for tho first time a good account of these forms, the literature 
concerning which was formerly so scattered as only to be studied with much 
trouble, many relations are shown to extra American forms, amongst which I 
propose to consider at least one, since the subject not only possesses interest itself, 
but also serves the purpose of correcting a former erroneous opimon of mine 
Many years ago Hislop * described several shells occurring in some fresh-water 
beds at Nagpur mterstratified with the enormous basalt masses of the Indian 
peninsular, known as the Deccan trap The most generally received opinion is 
that these beds belong to a period on the boundary between the cretaceous and ter¬ 
tiary epochs, since, however, a Unto resembling our European U flabel\atu& was 
found, and the genus Acella, which at that time was only known in the pliocene of 
Slavonia and living m North America, is represented, I ventured to point out tbe 
possibility that the intertrappean beds might belong to the later tertianes 3 A 
comparison between the fossils of these intertrappean beds and those of the Lara¬ 
mie beds of North America which lie between the chalk and eocene shows very 
close relations between the two, and I can no longer hold my former opinion in 
the face of these results * 

Though the number of the genera of the fresh-water shells of Nagpur is far 
from small, the greater part is so indifferent, or the preservation and description so 
insufficient, as to render only the smallei half of use for judging of the character 
of the fauna, amongst these the most important is Physa prmsepi, Sow , which 
reminds one of the large kinds of Physa of the Pans and London eocene, but which 
is also closely related to the Laramie fossils of America, as PA copei, Wh, and PA 
disjuncta, Wh The above-mentioned exceedingly attenuated Limnece jrhich have 
been grouped together m the subgenus Acella, and which are represented in tbe 
Laramie beds by A haldemam, Wh , form another striking occurrence,, Paludma 
vvrapai, Hisl, closely resembles Hydrobta anthonyt, M and H Among the snails 
a few other similar cases occur, the forms, however ( Paludma aciculane—Hydrobta 
recta , Paludma conoidea — Hydrobta subconica), are so little distinctive that I place 
small value on them The Valvata are the only characteristic gasteropod types of 
Nagpur not represented m the Laramie beds of Jforth America 

Among the mussels the Umos are foremost, they have much m common m 
general appearance, but U cartem, Hisl, a form of the type of the European 
U Jlabellatue, is the only one that shows any close connection with U gomonotus, 
Wh, and U gontovmbonatus, Wh, of North America Finally, Gorbicula mgens, 
Hisl, is remarkably similar to Oorbtcida clebumi, White 

1 White, a review of non marine fossil mollusca of N America Extract from tbe annual 
report of the Director of the IT S Geological Survey, 1881 82 

3 On the tertiary deposits associated with trap rock in the East Indies Quart Journ Geol 
So* , 1860, page 164. x 

* Nomnayr und Paul, Qoagerien und Paludmen scinch ten Westslavomeus Abhandlungen 
der geolog Beichsanstalt, Vol VII, 1876 

l 
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Whether m the one or the other case there may he actual identify, or whe¬ 
ther it is, as I think more probable, a case of near related vicarious species, I 
cannot decide On the whole the following forms may be correlated — 


Nagpur 

Phgta pntuept 

■I ,, var elongata 
Acella attenvata 
Fdtudtna mrapai 

Unto carter « 

Corbteula tngen$ 


Laramie 
PA oops* 

Ph dttjunata 
Ac haldtman* 
Hydrobta anthony* 
Unto gomonotut 
•i gonioumbonatvt. 
Corb clebunt « 


These facts justify the conclusion that the mtertrappean beds of India are the 
most nearly related of any fresh-water beds yet known to the Laramie beds of 
North America—a result which agrees well with the most generally received 
opinions with regard to the age of both Whether both belong to cretaceous or 
tertiary formations the fresh-water shells give no decided means of judging, 
many forms—for example, the large Physa, Melania wyommgensis, and others of 
the Laramie beds—are nearly related to tertiary types, but side by side with this 
are found surprising relations to European cretaceous forms I will not, however, 
enter here more particularly upon this point, since Dr Tausch is at present 
engaged in my institute upon studies which will yield evidence m thiB direction 


ADDITIONS TO THE MUSEUM 

252 specimens of metallic ora, 18 of rooks and 100 of fossils, from New South Wales, also 
9 Geological maps and sections, illustrating the geology of New South Wales 

Pbebented bt thb Ministbb bob Mines, Sydney 
A block of'boghead mineral,* from Hartley, New South Wales 

PBBSBNTBD BT TUB Au STB ALIAS KebOSINB Oil AND MlNEBAL Co , STDNBY 

Antimony oiee from New South Wales, and specimens illustrating the smelting of the 
same 

Pbbsknted bt H Hbbbenschmidt, Esq, Sydney 
Cobalt and manganese ora from New South Wales, and specimens illustrating their treat¬ 
ment 

Pbbsbntbd by Mbssbs Hbbbbnschhidt and Constable, Sydney 
An ingot of star antimony from New South Wales 

J* BBSBNTBD BY JOHN S MBLVILLB, EbQ., SyDNNT 

A 

37 models of large Australian gold nuggets, 6 cores from diamond drill borings and 10 
geological maps, illustrating the geology of Victoria. 

Pbbsbntbd by the Minute b bob Minds, Victobia. 
A collection of minerals, ora and fossils from Victoria 

Pbbsbntbd by thb Ballabat School or Minbs 
One slab of Chuoar sandstone, 5' X 6and 4 smaller Ames, from Chunar 

Pbbsbntbd by thb Bbnoal Stonb Co , Calcutta. 
A specimen of hormte with galena, from Baaraki, Deogarli, Bengal 

PlBSIHTBB BY MbsIBI BlBD St Co , CALCUTTA. 
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Addition* to the Library 


Upper Yindhyan sandstone with dentntic markings (Chhardar stone) from Punnah, Cen¬ 
tral India, and a specimen of calcareous tufa containing roots, found near the Ken 
nver, Punnah, Central India 

PbRSRNTRD BT THB M AH ABA J A OF PUNNAH 

A specimen of sapphire wpA tourmaline, from Pddar, Kashmir 

Presented by H H thb Mahahaja of Kashmir 
A specimen of oervantite, from Moulmein 

Pbxbbnted by G Dawson, Esq , Moulmein. 

An ingot of tin, from Mount Bisohoff ore, Tasmania 

PBE8BNTED BY THB TASMANIAN COMMISSIONER, CALCUTTA EXHIBITION, 1888 84. 

Specimens of bormte with galena, ohalcocite, with malachite, and galena with cerussite and 
malachite, from Bairuki, Deogarb, Bengal 

Presented by Messes Bibb & Co, Calcutta 

14 specimens of ‘Certaldo marble’ (gypsum artificially hardened), from Tuscany,Italy 

Presented by Duff Bbuce, Esq, Calcutta 
A series of ores and minerals from Tasmania 

Pbesented by thb Tasmanian Commissioner, Calcutta Exhibition, 1883-84. 
3 specimens of meteorites, and 22 of rocks with 12 microscope slides, from France 

Pbesbntbb by Pbofbsbob Daubb£e (Museum d histoibb natubbllb), Pabis 

A collection^ 158) tertiary fossils from Australia and New Zealand ( 

Pbesented by J F Bailby, Esq, Mblboubnb 


ADDITIONS TO THE LIBRARY 
Fbom In January to 31st March 1884 


Titles of Books Donors 

Albbbcht, Paul —Epiphyses Osseuses sur les Apophyses Epmeuses des Vdrtbbres d’un 

Reptile (Hattena Punctata, Gray) 8° Pam Bruxelles, 1883 

Thb Author 

„ Sur la Fente Maxillaire double sous muqneuse et les 4 Os Intermaul- 

laires de 1‘Ormthorynque Adulte Normal 8° Pam Bruxelles, 1883 

Thb Authob 

„ Sur les Copula Intercostoidales et les Hdmisternoides da Sacrum des 

Mammif&res 8° Pam Bruxeltea, 1888. 

Thb Author 

Badbn-Powell, B H, and Kipling, J L —Descriptive catalogue of Punjab contributions 
to the Calcutta International Exhibition, 1883 8° Calcutta, 1883 

• B H. Baden Powell 

Bbbtband, Emile —Nouveau mineral des environs de Nantes 8° Pam Pans, 1883 

* The Author 

Bbogqbb, W C —Die Silunschen Etagen 2 und 3 im Knstianiagebiet und auf Eker 8° 
Knstiama, 1882 % 

Royal University, Norway 
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Bbonn's Klassen and Ordnangen des Thier Reicbs Band I Protozoa. Lief. 20—25 
Band VI, Abth III, Reptilien, Lief 41 8° Leipzig, 1888 1884 

Cabassb, Baht —Descriptive catalogue of exhibits trom Tonquin at the Calcutta Interna* 
tional Exhibition, 1883-84 8° Calcutta, 1883 

C0MMI88IONBB BOB TONQUIN 


Calcutta Intebnational Exhibition, 1883 84 Official Catalogue 3rd Issue 8° 
r Calcutta, 1883 

Cappbb, John —Hand-book to the Ceylon Court, Calcutta International Exhibition 8° 
Colombo, 1883 


COMMISSXONEB FOB CEYLON 


Catalogue of a choice and valuable collection of ancient and modern Japanese curios and 
works of art, exhibited at the Calcutta International Exhibition, 1883, 
by Messrs Kuhn & Co of Yokohama, and formed by them during 15 
years residence and travel in Japan 8° Yokohama, 1883 

Mbbskb Kuhn & Co 


Catalogue of exhibits m the Victorian Court at the Calcutta International Exhibition, 
1883 84 4° Melbourne, 1883 


Commibsionbb fob Victobia 


Catalogue of the exhibits in the Tasmania Court at the Melbourne International Exhibition, 
1880 8° Hobart Town, 1880 


Cohmibbionbb fop Tasmania 


Coal Land Law, and regulations thereunder, 1873 and 1882 
and 1882 


8° Pam Washington, 1873 
Hohb Dbpabtment 


Copb, E D —Systematic Catalogue of Vertebrate of the Eocene of New Mexico, collected m 
1874 8° Pam Washington, 1875 


Ho mb Dbfabthbnt 


I) all, W H —Report on Mount St Elias. 4° Pam Washington, 1875 

Homb Dbfabtmbnt 

(• 

1 >e Kebhallet, C P —The Azores or Western Islands Translated by George M Totten 
8° Pam Washington, 1874 


Homb Dbfabtmbnt 


Dbummond, Wilms —Segregation of Mineral and Agricultural Lands 8° Pam Wash¬ 
ington, 1872 

/ Homb Dbfabtmbnt 


Dumont, J B —Synoptical Tables 8f Modern Chemistry Vol I Inorganic Chemistry 
Part III, Metals 8° Calcutta, 1883 

JTaija, Hbnbt —Portland Cement for users 2nd edition 8° London, 1884 

Fobsyth, Jambs W, and Gbant, P D —Report on an expedition up the Yellowstone river 
made in 1876 8° Pam. Washington, 1875 r 

Home Dbfabtmbnt 


FbaNKI'AND, P F —Agricultural Chemical Analysis 8® London, 1883 
Ganot b Elementary Treatise on Physics experimental and applied, for the use of colleges 
and schools Translated and edited by E Atkinson 10th edition 8° 
London, 1881 



J>AJtT 2] 


Additions to the Library. 


91 


Tttles of Boohs Doners 

Ganot's Natural Philosophy for general readers and young persons Translated and 
edited by E Atkinson 4th edition 8° London, 1881 
Gilbert, G K —Report on the Geology of the Henry Mountains 2nd edition 4° Washing 
ton, 1880 


Home Department 


Gorbingb, Henry H —The Rio de la Plata. 8° Pam Washington, 1875 

THomr Department 


Grebley, W S —A glossary of terms used m Coal Mining 8° London, 1883 

Hartley, P W —The Gas Analyst’s Manual 8® London, 1879 

Hbctob, Jambs —Hand-book of New Zealand 3rd edition 8° Wellington, 1883 

Colonial Museum, Wellington 


Hilgabd, Eugenb W , & Hopkins, P V —Reports upon the specimens obtained from 
borings made m 1874 between the Mississippi River and the Lake Borgne, 
at the site proposed for an outlet for flood waters 8° Pam Washington, 
1878 


Home Dbpabtmbnt. 


Humphreys, A A , and Abbot, H L —Report upon the Physios and Hydraulics of the 
Mississippi River 4® Washington, 1876 


Home Dbpabtmbnt 


Just, Thomas C —Tasmania 1 A description of the Island of Tasmania and its resources 
* Compiled for the Sydney International Exhibition, 1879 8® Launces¬ 

ton, 1879 

Commissioner pob Tasmania 

„ The official hand book of Tasmania compiled under the instructions of 

the Government Board of Immigration of that Colony 2nd edition 
8® Launceston, 1883 

Commissioner por Tasmania 
King, William —The Smgarem Coal Pield and others adjoining to or in the Madras 
Presidency 8® Pam Madras, 1883 * 

The Author 

Ludlow, William —Report of a reconnaissance from Carroll, Montana territory, on the 

Upper Missouri, to the Yellowstone National Park, and return, 
made in the summer of 1875 4® Washington, 1876 

Homb Dbpabtmbnt 

„ Report of a reconnaissance of the Black Hills of Dakota, made m 

the snmmer of 1874 4® Washington, 1875 

Homb Dbpabtmbnt 

Maroou, Jules —Note snr la Gdologie de la California. 8® Pam Paris, 1883 

The Author 

Mason, Rsm} F.— Burma, its people and productions, or, notes on the fauna, flora, and 
minerals of Tenassenm, Pegn, and Burma. Vol I, Geology, Mineralogy, 
and Zoology, Yol II, Botany Re written and enlarged by W Theobald 
8® Hertford, 1882 83 

Chub Commissioner, British Burma 
McKean’s Patent Rook Boring Machinery 4® Glasgow, 1883 x 


The Exhibitors 



92 


Records of the Geological Survey of India [vol. xvii 

t 


Tales <f Book* Donors 

Millie, Wm Alien —Introduction to the study of Inorganic Chemistry New edition. 
8° London-, 1879 

Mublleb, F iedinand ton —Observations on new vegetable fossils of the Auriferous 
Drifts 2nd Decade 8° Melbourne, 1888. 

Department of Minis and Water Supply, Melbourne 


Mux HARJX, T. N —A hand-book of Indian produots, art-manufactures, and raw materials 
8° Calcutta, 1888 


The Author 


New South Wales, its progress and resources, and official catalogue of exhibits from the 
Colony forwarded to the International Exhibition of 1888-84 at Calcutta 
8° Sydney, 1883 

Commissioner for New South Wales 


Newton, Henry, and Jbnney, Walter P — Report on the geology and resources of the 
Black Hills of Dakota 4° Washington, 1880 

Home Department 


Palbontologib Frangaise Ire Srfne, Animaux Invertdbrds, Terrain Crdtacd, livr SO 

„ „ „ „ Jnrassique, „ 65 66 8* 


Puns, 1884. 

Pbacock, R A —Saturated steam, the motive power in volcanoes and earthquakes, great 
importance of electricity 2nd edition 8° London, 1882 

The Author 


Penning, W Henry —Engineering Geology 8° London, 1880 

Qubnstedt, Fr Auo— Handbook dor Petrefaktenkunde Auflage III Lief 18-14. 8° 
Tubingen, 1883 

Report on the Icelandic committee from Wisconsin on the character and resources of Alaska 
8° Pam Washington, 1876 


Home Department 


Report on the two kinds of coal submitted by the Chesapeake 
Agency 8° Pam Washington, 1878 


and Ohio Railroad Coal 
Home Department 


Report upon the Yellowstone National Park for 1872, 1877, 1879, and 1880 8° Pam 

Washington, 1873-1881 


Home Department 

Riusoh, Hans H —Silnrfossiler og Pressede Konglomerater i Beigensskifrene 8° 


Knstiama, 1882 


• Royal TJnxvbbsity, Nobway 

t 

Schumacher, E — Erl&uterungen zur Geologisehen Karte der TJmgegend von Strassburg 

With a map 8° Pam Strasburg, 1888 

Eais Unxvbbs Bxblxothex 


Special catalogue of exhibits m the Tasmanian Court at the Calcutta International Exhibi¬ 
tion, 1883 84. 8° Calcutta, 1883. 

Commissioner for Tasmania 

Stanley, D. S —Report on the Yellowstone Expedition of 1878. 8 s Pam Washington, 
1874. 


* 


Homo Department 
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Stow, J. P —South Australia its history, productions, fund natural resources Written for 
the Calcutta Exhibition 8* Adelaide, 1883, 

Commissions]! fob South Australia. 
Supplementary instructions m relation to Mineral and Agricultural Lands under the 
Mining Acts of Congress 8° Pam Washington, 1871. 

Home Department 


The Marshall Group, North Pacific Islands 8° Pam Washington, 1870 

Home Department 


Uibioh, G HP —Notes and observations on the Nnggetty Beef, Maldon. (Quarter 
sheet 14, N W) 8° Pam Melbourne 


Commissioner bob Victoria 

United States Mining Laws, and regulations thereunder, 1872, 1879, and 1881 8° Pam 
Washington, 1872,1879, and 1881 


Home Department 


Verb bee, RDM — Topographische en Geologische Besohnjvmg van een geieelte van 
Sumatra’s Westkust With Folio Atlas 8° and Pol Batavia, 1883 

Director or Instruction, Batavia 
Warren, G K —An essay concerning important physical features exhibited in the valley 
of the Minnesota nver, and upon their signification 8° Pam Wash¬ 
ington, 1874 

Home Department 


Webster’s Patent Aluminium Metals 8 s London, 1883 


The Exhibitors 


Wbx, Gustav —First and second treatises on the decrease of water m springs, creeks, and 
rivers, contemporaneously with an increase in Height of floods in cul¬ 
tivated countries 8° Pam Washington, 1880 81 

Home Department 


White, C A —Preliminary report upon Invertebrate Fossils collected by the expeditions 
of 1871, 1872, and 1873, with descriptions of new speoieS 8* Pam. 
Washington, 1874 

Whitfield, R P —Preliminary report on the Paleontology of the Black Hills 8° Pam 
Washington, 1877 


Home Department 


PERIODICALS, SERIALS, Ac 


American Journal of Science 8rd 8enes, Vol XXVI, No 156, to XXVII, No 168 8° 

New Haven, 1883-1884 


The Editors 


Anualen der Pbysik und Chemie Neue Polge, Band XX, heft 4, No 125, and TYT, 
Nos 1—2 8° Leipzig, 1883-1884. 

Annales des Sciences Gdologiques Tome XIV, Nos 2—4 8° Paris, 1883. 

Annales des Sciences Naturelles. 6*" Sdne, Botanique, Vol. XVI, Nos 1—6, and XVII, 
No 1 6 m * Sdne, Zoologie et PaWontologie, Vol XV, Nos 2—4 8* 
Paris, 1883-1884 x 
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Annals and Magazine of Natural History 5th Senes, Vol XIII, Nos 73—75 8° 

London, 1884 

Athennum Nos 2929—2940 4° London, 1883 1884 

Beiblatter zu den Annaien der Physik and Chemie Band VII, Nos 11—12, and VIII, No 1 
8° Leipzig, 1883*1884 

Bibhotheque Universelle Archives des Sciences PhysiqnesetNaturelles 3"** Pdnode, Tome 
X, Nos 10—12 8° Genbve, 1883 

Bibhothbque UmversflUe et Bevne Suisse 3"* Pdnode, Tome XX, Nob 59—60, and XXI, 
No 61 8° Lausanne, 1883 1884 

Botamsches Centralblatt Band XVI, Nos 10—13, and XVII, Nos 1—8 8° Cassel, 

1883 1884. 

Chemical News Vol XLVIII, Nos 1255—1257, and XLIX, Nos 1258—1266 4° London, 
1883 1884 

Colliery Guardian Vol XLVII, Nos 1197—1208 Fol London, 1883-1884 

Das Ausland Jahrg LVI, Nos 60—62, and LVII Nos 1—7 4° Munchen, 1888 1884 

Geological Magazine New Senes, Decade III, Vol I, Nos 1—2 8° London, 1884 

Iron Vol, XXII, Nos 570—672, and XXIII, Nos 673—681 Fol London 1888 1884 

Journal of Science 3rd Series, Vol V, No 120, and VI, No 121 8° London 1883 1884 

Ths Editor 

Just, Lbopold —Botamscher Jahresbencht Jahrg IX, Abth I, heft 1 8° Berlin, 

1883 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science^ 6th Series, 
Vol XVII, Nos 103—106 8° London, 1884 

Mi nin g Journal with Supplement Vol LIII, Nos 2620—2524, and LIV, Nos 2625—2531 
Fol London, 1883 1884 

Naturae Novitates Nos 24—25 (1883), and Nos 1—3 (1884) 8° Berlin, 1883 1884 

Nature Vol XXIX, Nos 737-748 4° London, 1883 1884 

Neues Jahrbuoh fur Mmeralogie, Geologie und Palasontologie Jahrg 1884, Band I, heft 
1—2 8° Stuttgart, 1884 

Petermann’s Geographische Mittheilungen Band XXIX, No 12, and XXX, Nos 1—2 
4° Gotha, 1883-1884 

Professional Papers on Indian Engineering 3rd Series, Vol I, No 4. fisc Roorkee, 1883 

Thomason College of Civil Engineering 

Quarterly Journal of Microscopical Science New Senes, Vol XXIV, No 93 8° London, 

1884. 

Zeitschnft fur Naturwissensohaften 4th Senes, Band II, heft 5 8° Halle, 1883 


GOVERNMENT SELECTIONS, REPORTS, Ac 


As sa m —Report on the Census of Assam for 1881 flso Calcutta, 1883 

Revenue and Agricultural,Department. 

Bengal —Huntbb, W W—Statistical Account of Bengal Vola I—XX 8° London, 
1876 1877 


Gotebkvsmt of Bengal 

Bombat —Gazetteer of the Bombay Presidency Vol XV, pts 1—2 6° Bombay, 1883 

Bombay Government 
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Bombay —Report on the Administration of the Bombay Presidency for 1882 83 fisc 
Bombay, 1884. 


Bombay Government. 


Selections from the Records of the Bombay Government New*Senes, No 157 
8° Bombay, 1882 


Bombay Govbbnmbnt. 


Bbxtxsh Burma —Report on the Administration of Bntisb Burma during 1882*83 flso* 
Rangoon, 1888 


Cmibf Commissioner, Bsitish Burma. 


Hyderabad —Report on the Administration of the Hyderabad Assigned Districts for 
1882-88 flac Hyderabad, 1883 


Rbsxdbnt, Hyde bab ad 

India —Annual Statement of the Trade and Navigation of British India with Foreign 
Countries, and of the Coasting Trade of tbe several Presidencies and 
Provinces m the year ending 31st March 1883 Yol II, Coasting Trade 
4° Calcutta, 1884 


Government Printing Pbbss 


List of Officers in the Survey Departments, corrected to 1st January 1884. Use 
Calcutta, 1884. 


Revenue & Agbicultubal Department 

„ List of publications and maps relating to Forest Administration m India, sent to 
the Edinburgh International Forestry Exhibition of 1884 8° Pam 
Calcutta, 1884 

Homb Department 

n Registers of Original Observations in 1883, reduced and corrected, June to August 
1883.4° Calcutta, 1884 

Meteorological Reporter to Government of India 

n Report on the Administration of the Persian Gulf Political Residency and Muscat 
Political Agenoy for 1882-83 No 191 8* Calcutta, 1883 * 

Foreign Department 

„ Report on the Census of the Baroda Territories, 1881 fisc Bombay, 1883 

Rbvbncb and Agbicultubal Department 

Madbas —Report on the Administration of the Madras Presidency for 1883 83 fisc 
Madras, 1883 


■ Madras Government 

H w Provinces —Statistical, descriptive and historical account of the North-Western 

Provinces of India Yol IX. 8° Allahabad, 1883 

Government op the North-Western Provinces 

Punjab.—Ibbetson, Dbnzil Charles Jelf —Report on the Census of the Punjab, taken on 
the 17th of February 1881 Vols I—HI. 4° Lahore, 1883 
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Revenue Jk Agbicultubal Dsfahtment 

Report on the Administration of the Punjab and its Dependencies for 1882 83. 
fisc Lahore, 1884. ^ 


Punjab Government 


G 
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—Annalee do la Socidtd G^ologique de Belgique Tome IX. 8° Berlin, 1881 1882 

The Socixtt 

Bombay —Journal of the Bombay Branch of the Ro}al Asiatic Society Vol XVI, No 42 
8° Bombay, 1884 

Thi Socixtt 

Bhubsbls —Annales de la Socidtd Royale Malacologique de Belgique 3 me Sdne, Tome II 
8° Bruxelles, 1882 

Thb Socixtt 

„ Procbs Verbaux des Stances de la Socidtd Royale Malacologique de Belgique 
Tome XI pp 166—266, and Vol XII, pp 1—108 8° Bruxelles, 
1882 1883 

Thb Socixtt. 

„ Bulletin de la SooidtA Royale Beige de Gdographie Annde VII, No 6 8° 
Bruxelles, 1883 

Thb Socixtt 

Budapest. —Foldtam Kozlony Kotet XIII, fuzet 4 — 6 8° Budapest, 1883 

Thb Institute 

„ Mittbeilungen aus dem Jahrbuohe der Eon Unganscben Geologiscben Anstalt 

Band VI, heft 6—6 8° Budapest, 1883 

. Thb Institute 

C 

Calcutta.— Journal of the Asiatio Society of Bengal New Senes, Vol LII,Pt I, Nos 3—4, 
and Pt II, Nos 2—4. 8° Calcutta, 1883-1884 

Thb Socixtt 

„ Proceedings of the Asiatic Society of Bengal No IX 8° Calcutta, 1883 

The Socixtt 

„ Mallet, F R —Descriptive catalogue of the collection of Minerals in the 

Geological Museum, Calcutta 8° Calcutta, 1883 

Geological Subvby op India 

„ Memoirs of the Geological Survey of India Vol XX, Nos 1—2 8° 

Calcutta, 1883 

Geological Suxvbt op India. 

„ Palmontologia Indica Senes XTV, Vol I, pt 4. 4° Calcutta, 1883 

Geological Suxvxt op India 

„ Popular Guides to the geological collections m the Indian Museum, Calcutta. 

Nos. 1—6 8° Calcutta, 1879-1883 

, * Geological Subvbt op India 

„ Records of the Geological Survey of India. Vol XVII, Fart 1 8° Calcutta, 

1884. 

Geological Subvey op India 

Cavbxidgb.—P roceedings of the Cambridge Philosophical Society Vote I and II 
8° Cambridge, 1866-1878 

Thb Society 

„ Transactions of the Cambridge Philosophical Society. Vola IX to XI, Part 

2 4° Cambridge, 1861—1869 

Thb Socixtt. 
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Cakbbidgb, Mass.— ’Annual Report of the Curator of the Museum of Comparative Zoology 

at Harvard College for 1882 83 8° Cambridge, Mass 1883 

Alex Agassiz. 

„ Bulletin of the Museum of Comparative Zoology. Vok XI, Nob 3—9 

8° Cambridge, Mass 1883 

Museum of Comfabativb Zoology 
„ Memoirs of the Museum of Comparative Zoology Yol YIH, No 2, 

and IX, No 2 4° Cambridge, Mass 1883 * 

Museum of Comparative Zoology. 
Copenhagen —Mdmoires de I'Acaddmie Royale de Copenhague 6 we Sdhe, Yol II, 
Nos 4—6 4° Copengahen, 1883 

The Academy 

„ Oversigt over det Kongelige danske Yidenskabernes Selskabs No 2 8° 

Copenhagen, 1883 

The Academy 

Dbesden —Sitzungsbenchte und Abhandlungen der Naturwissenscbaftlichen Gesellschaft 
Isis in Dresden, Juli bis December, 1883 8° Dresden, 1884 

The Sopiety 

Edinbuegh —Transactions of Royal Scottish Society of Arts Yol XI, Part 1 8° 

Edinburgh, 1883 

The Society 


Glasgow -JPioceedmgs of the Philosophical Society of Glasgow 
1883 

„ Transactions of the Geologioal Society of Glasgow 
Glasgow, 1883 


Vol XIV 8° Glasgow, 

The Society 
Vol VII, Part 1 8° 

The Society 


Halib —Nova Acta Academiae Caesareae Leopoldmo Oarohnae Germamcae Naturae Curio- 
sorum, Tomus XLIV 4° Halle, 1883 

The Academy. 

„ Leopoldma Heft XVIII 4° Halle, 1882 * 

The Academy 

Liveepool —Proceedings of the Liverpool Geological Society Yol IV, Part 5 8° 

Liverpool, 1883 

The Society 


London —Journal of the Society of Arts 
1883 1884 


Vol XXXII, Nos 1620—1682 8° London, 

. The Society 


Mineralogical Magazine, and Journal of the Mmeralogical Society of Great Bri¬ 
tain and Ireland Yol Y, Nos 22—25 8° London, 1882 1883 

PaUaontographioal Society’s publications Yols XXXY—XXXYII 4° London, 
1881 1883 

Prooeedings of the Royal Geographical Society New Series, Yol. V, No 12, and 
VI, No. 1 8° London, 1883 1884 

The Society 


Quarterly Journal of the Geological Society Yot XXXIX, No 166 With list 
of Fellows for 1883 8° London, 1883. 


The Society, 
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London —Report of the British Association for the Advancement of Science, for 1881 and 
1882 8° London, 1882-1883 

Madrid —Boletm de la Sociedad Geografica de Madrid Tomo XV, Nos 4—6 8° Madrid* 


1883 


Tbs Socmxr 


Manchester- Tiansactions of the Manchester Geological Society 
11—12 8° Manchester, 1883 1884 

r 


Vol. XVII, Parte 
The Society 


Melbourne —Geological Survey of Viotoria. Report of Progress No VI 8° Melbourne r 
1880 

Government Mining Department, Victoria, 
„ Report of the Inspector of Explosives to the Honourable the Minister of 

Mines, for the years 1880 and 1881 disc Melbourne, 1881-1882. 

Government Mining Department, Victobia 

„ Reports of the Mining Surveyois and Registrars for quarter ending 30th 

September 1883 fisc Melbourne, 1883 

Government Mining Department, Victoria 

Montreal —Geological and Natural History Survey of Canada Reports of Progress for 
1880 81 82 8° Montreal, 1883 

Thb Survey 

„ Macoun, John —Catalogue of Canadian plants Part I Poly petal® 8° 

Montreal, 1883 * < 

Thb Survey 


Munich —Abh&ndlungen der Mathematisoh-Physikahschen Classe der Komglioh Bayerie- 
ohen Akademie der Wissensohaften Band XIV, Abth 3 4° Munchen. 

1883 

Thb Academy 

„ Radlkofbb, Ludwig —Ueber die Methoden in der botanischen Systematik 
insbesondere die anatomuche methode 4° Munchen, 1883 

Thb Acadbmy. 

„ Sitzungsbenchte der Matbematisoh-PhyBikahsthen Classe der E B Akademie 
der WisBenschaften Heft 1 and 2 8° Munchen, 1883 

Thb Academy, 

Nbwcastsb-upon Tynb.— Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol XXXItl, Parts 1—2 8° Newcastle upon- 

Tyne, 1883 1884 

Thb Institute. 


Pabis —Bulletin de la Socidtd Gdologique de France. 3“ e Sdne, Vol XII, Nos 1—2 


8° Pans, 1883-1884* 


Thb Socibty 


Pbxzance —Transactions of the Royal Geological Society of Cornwall. Vol X, Part 6 
8° Penzance, 1883 

Thb Sooibtt 

Phx&ADBDPHIA —Journal of the Franklin Institute 3rd Series, VoL LXXXVl, No 6, and 
LXXXVII, Nos. 1—2 8* Philadelphia, 1888-1684 

Tax Imstitute 


n 


Proceedings of the Academy of Natural Scienaes 
Philadelphia, 1883 


Part H 8* 
Thb Acadbmy 
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Pisa —Atta della Sometd Toscana di Scienze Naturali. Prooessi Verbah Yol IV, pp 1—27 
8° Pisa, 1883 

The Society 

Boms —Atti della Accademia dei Lincei Sene III, Transunti, Yol VII, faBC., 16 4° Roma, 
1883 

Thb Academy 

Saint Petbbsbubg — Bulletin de l’Acaddmie Imprfnale dee Sciences de St, Fdtersbourg 

Tome XXYIII, No. 3 4° St Pdtersbourg, 4888 

Ths Academy 

n Mdmoires de l'Acaddmie Impdnale dee Sciences de St Pdtersbourg 

Tome XXXI, Nos 6—8 4° St Petersbourg, 1883 

Thb Acadbmy 

„ Bulletins du Comitd Gdologique Tome I and II, Parts 1—6 8° St 

Pdtersboorg, 1883 

Thb Committee 

,, Mdmoires du Comitd Gdologique Vol I, No 1 4° St. Pdtersbourg 

1883 

The Committee 

Salem —Bulletin of tbe Essex Institute Yol XIY, Nos 7—12 8° Salem, 1862 

The Institute 

Sydney —Annual Report of tbe Department of Mines, New South Wales, for 1882 4° 

Sydney, 1883 

• Depabtmbnt on Mines, New South Wales 

Tasmania —Papers and Proceedings of the Royal Society of Tasmania for 1882 8" 
Tasmania, 1883 

The Society 

Tohonto— Proceedings of the Canadian Institute Yol I, No 6 8° Toronto. 1883 

The Institute 

Vienna —Verhandlungen der h k Geologischen Beiohsanstalt. Nos 14—18, (1883), and 
Nos 1—3,(1884) 8° Wien, 1883 1884. 

The Institute 

Washington —Catalogue of specimens added to the Cabinet of the Umtecf States Naval 
Academy in 1878 and 1881 8° Washington, 1879 and 1881 

Home Depabtmbnt 


Preliminary Catalogue of the Minerals m tbe Cabinet of the United 
States Naval Academy, Annapolis 8° Washington, 1877 

Home Depabtmbnt 


„ Regulations of the United States Geological Survey 8° Washington, 

1882 * 

Home Depabtmbnt 

„ Report of the United States Geological Exploration of the Fortieth 

Parallel Vol. V, Botany 4° Washington, 1871 

Home Depabtmbnt 

„ United States Geographical and Geological Survey Contributions to North 

American Ethnology Yol Hit 4° Washington, 1877 

Home Depabtmbnt 

Yokohama —Mittheilungen der Deutsohen Gesellsohaft fur Natur und Volkerkunde Osta- 
siena. Heft 30 4° Yokohama, 1884 ' s 


The Society 
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Yokohama—T ransactions of the Asiatic Society of Japan Vol XI, parts 1—2j and 
XII, part I 8 s Yokohama, 1883 


Tbs Socibty 


MAPS 


Dahll Tbllbf —Geologist kart over det Nordlige Norge 
Geological map of Learmouth Melbourne, 1882 


Kristiama, 1866—1879 
Royal Unitbbsity, Nobway 

COMMISSIONS FOB VlCTOBIA. 


Geological map of the Ararat Gold Field Melbourne, 1876 

COMMISSIONS FOB VlCTOBIA. 
Geological map of the Ballarat Gold Field Melbourne, 1874. 

COMMISSIONS FOB VlCTOBIA 

Geological map of the Creswick Gold Field. Melbourne, 1880 $ 

' Commission!;* fob Victobia 

Geological map of the Sandhurst Gold Field. Melbourne, 1873 

COMMISSIONS FOB VlCTOBIA 


Geological map of the Stawell Gold Field Melbourne, 1878 

CoMMISSIONEB FOB VlCTOBIA 

Geological sketch map of the Parish of Beechworth Melbourne, 1871 

COMMISSIONS FOB VlCTOBIA 


Geological map of the districts of Hartley, Bowenfells, Wallerawang and Rydal Sydney, 


1876 


Commissions fob Nbw South Walks 


Geological map of the Forest Reefs Gold Fidd Sydney, 1881 

Commission 1 ex fob Nbw South Walks 
Geological map of the town and environs of Young Sydney, 1879 

Commissions fob Nbw South Walbs 
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Dost 

Dost, an isolated hill within the Arv&li area, 1 between Narnoul and Klietn, 
rises more than 1,000 feet above the neighbouring plain, 8 and forms a striking 
object for many miles around Its steep sloping sides and cup-like top give 
the hill an appearance not altogether unlike a volcano 

It is curious how prone Borne people are to think that every cup-like depres¬ 
sion observed on the crest or spur of a mountain is an old crater I have 
several times been asked whether Kajiar, a beautiful glade in the forest within 
9 miles of Dalhousie, is not an old volcano, although there is not a modern 
volcamo rock in the whole district, and the upper silunan, or pre- carboniferous, 
altered basalts are many miles distant 

In the case of KajiAr and Dosi, the formation of these cup-liko depressions 
seems to be in great part due to what one may call the eccentricities of sub-aerial 
decay Crystalline rocks, apparently composed of exactly the same materials, 
and struck out of the same mould, as it were, vary very capriciously within a few 
yards m their power of resisting the elements of decay 

Many ounous instances of this are to be seen at Dosi, where deep grooves, 
several feet m depth and in diameter, have been carved out of the sides and faces 
of huge granitic blocks by sand-laden wind aided by the selective agency of 
natural decay. When they are of small size, they remind one very much of the 
pot-holes and furrows, formed by the action of water, so often to be seen carved 
on boulders in the beds of Himalayan rivers, but sucb agency is of course not to 
be thought of in the case of rocks on the top of an isolated hill, like Dosi, situ¬ 
ated m a sub-desert tract, where the rainfall is very small. Moreover, m some 
of those carved horizontally out of the face of a rook the deepest portion is at 
times connected with the top and not with the bottom of the groove 

1 Described by Mr C A Hackst in hie paper On the Geology of the ArotSh regton, Central 
and Eastern, Record* XIV, 279 * > 

9 The point I reached, which waa not, I think, the highest, was 2,110 feet above the sen by my 
Aneroid barometer and 1,110 feet above the village at its foot a here the ascent commenced 
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iK&lk it ztecessaiy to call m the agency of water to explain the formation of 
thesi^i&oves In the Dosi region, fierce westerly winds, heavily laden with sand 
from the neighbouring plains, prevail for many months during the year Gullies 
Amongst the rooks bring heavy gusts of wind to a focus, as it were, and make 
them do fibs work of sand-blast boring machines 

In the neighbourhood of Dosi and Narnoul, the hills, some of them consist¬ 
ing largely of actmokte schists, are traversed m all directions, but generally more 
or less across the strike of the strata, by dykes of white granite It is a very 
coarse-grained rock consisting principally of felspar and quartz with occasional 
lumps of schorl 2 or 3 inches in diameter Mica (white musoovite) is rather 
rare, but here and there it is well developed Some of the quartz grams are 
larger than oranges, and I measured one 7 inches across 

Dosi itself is Composed wholly of the rock, about to be described, which is 
marked gneiss on the map which accompanies Mr Hacket’s paper on the geology 
of the Arv&li region It is a fine-grained rock of pale pinkish buff colour com¬ 
posed of quartz, felspar, black mica and black hornblende, the latter predominat¬ 
ing over the mica 

A general parallelism m the arrangement of the hornblende and mica, and 
which coincides with the strike of the sedimentary strata m the neighbourhood, 
is observable m the field on a careful inspection Sometimes the rock weathers 
out mto smooth massive blocks, like true granite, at others it becomes slightly 
furrowed on the surface, the furrows striking north-east 15° east 

M —Nos 1, 2, 3, and 4 The following is a description of the structure of 
the Dosi rock as seen m thin slices under the microscope These slices contain 
quartz, orthoclase, plagioclase, microclme, black mica, hornblende, micro-garnets, 
and a little magnetite 

The quartz is about as abundant as the felspar Tnclinic felspar is very 
plentiful, and there are numerous pieces of microclme, but none of them are of 
large size Prismatic cleavage is frequently well exhibited in the orthoclase 
The quartz contains multitudes of liquid enclosures with fixed and movable 
bubbles, and in many, crystals have been deposited on the cooling of the liquid, 
as shown at figs 23, 30, 31, 82, and 34 The ontlosure depicted at fig 23 con¬ 
tains a crystal and two bubbles The nght-hand one, which is a gas bubble, 
certainly moves, though the movement is confinod to contracted limits, the left- 
hand one, which appears to be an ordinary vacuum bubble, is either fixed, or its 
vibrations are bo circumscribed that I could not feel sure that it really moved 
Figs 30, 31, 32, and 34 of the plate which accompanies this paper may be 
usefully compared with figs 79, 80, 81, and*83, Plate XVIII, Q J G S, Vol 
XTV, which accompanies Dr Sorby’s paper on the microscopical structure of 
crystals, and which depict similar liquid cavities found in nephelme blocks 
ejected from Vesuvius * 

The quartz of the Dosi rook contains numerous liquid cavities with gas bubbles 
One of the latter type is sketched at fig 33 

At fig 35 I have depicted a liquid cavjty contained within a negative quartz 
crystal, that is to say, the cornty has assumed the shape of a small quartz crystal 
with bi-pyramidal terminations There is no doubt about its being a liquid 
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canty as the bubble is a movable one Canties of this character seem to prove 
that the quartz was m a state of flux, aa does also the presence of some perfectly 
hexagonal nuorolithic plates of mioa enclosed m it here and there 

Fig 85 of the plate attached to this paper may be compared with fig 114 of 
Plate XIX of Dr Sorby’s paper just referred to The latter represents a liquid 
cavity, m the Bhape of a quartz crystal, containing a bubble and a deposited 
crystal The canty was observed m the quartz of the granite from the Dmg 
Dong mine near Penzance • 

Some of the bubbles in the liquid cavities observed m the Dosi rock appear to 
be ordinary vacuum bubbles, but many of them are gas The latter are quite 
round, but occupy a much larger area relative to the size of the cavity than the 
vacuum bubbles and affect bght differently 

In one enclosure, which I have not sketched, the crystal deposited within it 
is distinctly cubical and is probably sodium chloride those depicted m figs 30 
31, and 32 are corroded like the one represented at fig 55, Plate XVII of Dr 
Sorby’s paper already quoted 

For the sake of comparison, I have studied some thin slices of typical rocks 
from Scotland prepared by Mr J M Bryson, of 60, Princes Street, Edinburgh, 
from specimens selected for him by Professor Ghekie In them I find very simi¬ 
lar objects to those described m the preceding pages Fig 24 is a liquid cavity 
containing a bubble and a crystal probably of sodium chlonde, and fig 25 repre¬ 
sents a gas inclusion, both taken from granite invading metamorphosed lower 
Silurian rocks 

In the Aberdeen granite, microhths, many of them apparently of quartz with 
bi-pyramidal terminations rounded or more or less modified, are very abundant 
in the quartz and felspar They contain shrinkage cracks and oavities and 
lacunas with fixed and movable bubbles Figs 26, 27, 28, and 29 are taken from 
the Aberdeen slice Exactly similar bodies are common m the gneissose granites 
of the North-West Himalayas, and figs 26—29 may be usefully compared with 
figs 11 and 20 of the plate annexed to my paper m the last number • 

Fig 16 is the sketch of a stone enclosure found m the Dosi rock under descrip¬ 
tion It is a round mass of coloured crystalline matter enclosed m limpid 
colourless quartz It contains four fixed bubbles of different sizes 

Such cases as those illustrated by figs 16 and 35, taken in connection with the 
other illustrations, prove, I think conclusively, that the Dosi rock passed through 
a stage of aqueo-igneous fusion 

Under the microscope, no difference m structure can be detected between the 
Dosi rock and the intrusive granite of Aberdeen with which it has been com¬ 
pared, but nevertheless I hesitate to class the former as a true granite The 
evidence shows at all events that either the Dosi rook is a true syenitio granite, 
or the metamorphism of a crystalline rock of the Dosi type is the result of aqueo- 
igneous agencies sufficiently powerful to flux the materials, 

Delhi quartzites 

Nos 5, 6, and 7 are from the rocky ndge to the north of Delhi, where our 
army took up its position during the memorable siege of 1857 These quartzites 
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range in colour from a light to a dark grey With the aid of a pocket lens, very 
minute specks of dark mica, and of iron, may be discerned disseminated through 
them, and owing to the abundance of the iron, long tear drops may very fre¬ 
quently be observed coursing down the faces of weathered blocks These rusty* 
looking streaks are formed by ram trickling down the sides of blocks and causing 
the peroxidation of the iron contained m the rock in the form of magnetite 

M —These slices are seen under the microscope to contain numerous flakes of 
a colourless mica, minute garnets, prisms of schorl and micro sphenes There are 
also rounded microhths of dark mica Magnetite and much red and yellow 
femte are also present Some of the garnets are much corroded at the edges, 
and altered into ferrite and into a greenish fibrous diehroic material 

The Delhi quartzite is an extremely interesting rock, as it contains evidence 
of having been subjected to great heat, sufficient to have allowed considerable 
freedom of motion amongst its constituent molecules Miorohths contain what 
are to all appearance shrinkage cavities, as for instance figs 17, 18, and 21, 
very minute indeed, but still comparable with such illustrations taken from the 
Aberdeen granite as figs 27 and 28 The evidence afforded by these micro¬ 
hths, however, is by no means conclusive, as m the case of a quartzite one might 
suppose that these bodies appertain to the quartz grams of the original sandstone, 
and that the latter were derived from some ancient granite and retamed withm 
them the stamp of their eruptive ongm But this cause of doubt is I think, 
removed by the cumulative evidence afforded "by the other objects about to be 
described, and by the fact that all trace of the quartz grams of the original 
sandstone from which the Delhi quartzite has been derived has been obli¬ 
terated 

That the molecules of matter contained in the Delhi quartzite enjoyed con¬ 
siderable freedom of action is, I think, shown by such objects as those depicted at 
figs 11, 12,13, 17, 20, 21, and 22 

Figs 12 and 17 illustrate the case of opacite drawn towards and attached 
to microlitha, which m the former case had certainly formed before the opacite 
Figs 20 and 21 represent microhths, m the former case quartz and m the 
latter mica, which have caught up micro crystals and opacite, and have retained 
them in their embrace cm consolidation Similar bodies have also formed on the 
outside of the microlitb depicted at fig 20, and the latter also contains a fixed 
bubble These objects very closely simulate the appearance of true stone cavities 

Fig 13 represents an opaque crystal embraced by a flake of mica, fig 22 
is an air, or gas, bubble surroundecF by a ring of coloured mineral matter, whilst 
fig 11 is an air bubble partially clasped by minerals. 

Fig 19 is the representation of a liquid cavity of imperfect hexagonal shape, 
the imperfection of the shape being probably due to the fact that the shoe was 
not taken at right angles to the axis of the cavity I observed many liquid lacunas 
of hexagonal shape in the quartz of shed BTo 6, with movable hubbies m them, 
and their presence seems to show that the quartz prior to final consolidation 
was in a fused or plastic condition 

The cavity depicted at fig 19 contains two liquids, and an inner bubble 
that is m a state of violent activity, dashing about from side to side in the wildest 
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possible way. The smaller drop of liquid is apparently carbon dioxide, as the 
movable bubble temporarily disappeared on the application of very low heat 
Ordinary fluid cavities with movable bubbles are extremely numerous 
throughout the quartzite 


Tiusham 1 

The village of Tushim is situated about 14 miles to the north-west of the 
town of Bhewdm, and about 85 miles west 11° north of Delhi * 

The village nestles on the eastern side of a low rooky ndge under 2 miles m 
length, which, towards its centre, rises to a height of 630 feet above the adjoining 
plain and culminates m a conical hill that forms a striking land mark for 20 
miles around 

The summit is difficult of access and is crowned by the ruins of a small fort, 
the building of which is popularly attributed to Raja Pithora 

Small caverns m the rocky side of the hill, partially filled with water, are 
considered peculiarly holy pools, and are visited by a number of pilgrims, three 
“ melas,” or religious fairs, being held during the year 

There are three rock inscriptions* at Tusham which, in General Cunningham’s 8 
opinion, belong to the time of the later Indo-Scythian Princes, and were cnt between 
AD 57—69 

The eastern flank of Tush&m is composed of chiastolxte schists, the dip of 
which is either vertical, or extremely high west 11° north to west-north-west, and 
the strike of which ranges from north 5° east, on the north-east extremity, to 
north-north-east at the south-east end of the outcrop To the west of these 
schists there follow pale grey argillaceous beds containing numerous small frag¬ 
ments of quartz, and tiaversed in all directions by red ferruginous lines 

The centre and western side of the ndge is composed of felsites, or micro¬ 
quartz porphyries, described further on I was for some time doubtful whether 
these rocks were of igneous or of metamorphic origin, and thought they might 
represent beds similar to the argillaceous gritty rocks, alluded to in the last 
paragraph, in a more advanced stage of metamorphism, but now that I have 
examined thin slices of them nnder the microscope, I am satisfied that they are 
of igneous origin 

I may note m passing that whilst the specific gravity of the argillaceous rock 
referred to is as high as 2 95, that of the felsites ranges from 2 63 to 2 77 and 
averages 2 71 

Two dykes of quartz porphyry traverse the ndge, one on the eastern and the 
other on the north-western side The latter cuts across the ndge from the north¬ 
west to the north-east side The dykes are not parallel to each other, hut their 
strike diverges at an angle of 46° The eastern dyke cuts obliquely across the 
bedded rocks at a low angle, it throws out a tongue into the adjoining rocks, at 

1 Tnsh&m 'and the neighbouring lulls described m the following pages are coloured as gneiss 
on the map which accompanies Mr Hacket’s paper on the Arr&h region. Central and Eastern 
Records, XIV, 279 

* One of these is said, in the Archaeological Report, to he out dU basalt. 

* Report, Archeological Survey of India, Vol V, p 186 
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right angles to the direction of the dyke, and m another place, near the edge of 
the dyke, encloses a mass of them The quartz porphyry is clearly an intrusive 
rook 

Granite crops out on the southern, south-western, and western flanks of the 
hill, whilst the northern portion of the ndge is traversed by granite veins rang¬ 
ing from a few inches to a few feet m thickness Some of them cut across the 
strike of the other rocks About a mile or so to the east of Tusb&m there is a 
small isolated hill bf granitoid quartz porphyry 

I now pass on to describe briefly the characteristics of some of the TushAm 
specimens as Been m thin slices under the microscope 

Chiastolite schist 

No 8 —Chiastolite schist from the south-east side of the TushArn ndge A 
reddish-brown rock, with numerous minute plates of mica glistening on the sur¬ 
face, and m which radiating crystals of chiastolite are imbedded 

M —The ground mass contains numerous shapeless grains of magnetite, and 
it is much stained with red and yellow ferrite It is seen to be composed of 
quartz in grains, but the structure of the rock is very much obscured by the 
presence of a considerable quantity of iron Most of it is in the form of haema¬ 
tite, rounded or imperfect hexagonal disks of the blood-red mineral being 
abundant , 

The chiastolite crystals present nothing unusual in their appearance 
I failed to find gas or liquid cavities in the quartz 

Quartz porphyry 

Nos 9-14 Sp G 2 67 —In a ground mass which appears compact to the 
unaided eye, numerous and rather large crystals of quartz and felspar are" por- 
phyntically imbedded Some of the felspar crystals are an moh in length 
With the/ud of a lens, the ground mass appears to be a mottled mixture of felspar 
and dark mica The pyramidal ends of some of the quartz crystals, nearly 
perfect m form, stand sharply out from the fractured surface of one of the hand 
specimens 

M —The ground mass under the microscope is seen to vary m structure from 
nucro-felsitio to micro-gramtic There appears to be a tendency in the material 
of the ground mass to arrange itself m concentric and radiating structures, 
nothing definite has resulted, however, from this tendency but shadowy phan¬ 
toms that suggest rather, than possess distinct forms 

There are two imperfectly shaped pieces of hornblende ranging from 
reddish-brown to greenish-brown colour in transmitted light Dark mica is 
very abundant partly in congeries of small flakes and partly in stalk-like or quasi- 
pnsmatic forms The latter look, at first sight, very much like microliths of 
hornblende, but they are of exactly the same colour as tbe mica, and I can dis¬ 
cover no reason for distinguishing them from that mineral They are so thin 
that between crossed mools tbeir optical properties are swamped in those of tbe 
matrix in which they are imbedded, and tbe usual tests for discriminating horn¬ 
blende from dark mica cannot be applied 
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Some of the mica is evidently of secondary origin and replaoea other minerals 
the crystallographic outlines of which remain 

The slices contain some llmemte Gas cavities, and liquid lacunae are very 
abundant in the quartz At fig 14 I have depicted a liquid cavity containing 
what is apparently a corroded crystal of sodium chloride together with two 
bubbles, the larger of which is distinctly movable It is veiy unusual to meet 
with a plurality of bubbles in liquid cavities, but this case, and that represented 
at fig 23, show that such instances do occur 

The porphyntic crystals of felspar are partly orthoclase and partly plagioclase 
They are much altered and kaohnized 

The quartz crystals are m part rounded and are much corroded, containing 
the inclusions of the ground mass so characteristic of the quartz of quartz 
porphyries A sketch of one of them is given at fig 10 In the uncorroded 
portions the crystallographic form of the mineral is well preserved Many of 
the quartz crystals are fringed with a thin border of mica 

The rock is a quartz porphyry on the border line of tho granite por¬ 
phyries 

Ho 15 Sp G 2 60 —This specimen was taken from a tongue of the quartz 
porphyry dyke, above described, which protrudes into the adjoining rocks at 
right angles to the course of the dyke The matrix of this specimen is perfectly 
compact, even when examined with a lens, but the rock does not differ in other 
respects frt>m that just described 

M -—The ground mass is micro-felsitic, but between crossed nicols it has a 
spotted, mottled appearance, as if it were made up principally of imperfectly 
developed granules of felspar 

The porphyntic crystals of felspar are much decomposed and have to a con¬ 
siderable extent been converted into kaolin Here and there patches of chlonte 
and a mineral that looks like pmite occur m them Some of the felspars exhibit 
the characteristic twinning of the tnclimc system 

There are several large micas m this shoe of greenish colour in transmitted 
light, but they are much corroded and eaten into The principal part of the mica 
present in the slice, however, exists rather in the form of micaceous matter than 
in well-shaped leaves or crystals, and is dappled over the ground mass in finely 
granular masses which exhibit no definite shape under the microscope, and only 
show dichroism, here and there, when m thicker masses than usual 

Gas inclusions are extremely numerous in the quartz Liquid cavities with 
movable bubbles are less abundant than in the pother slices of the quartz porphyiy 
(Nos 9—14), and they are of smaller size 

The slice is stained, here and there, red and yellow with femte, and contains 
a few «mafl grains of magnetite or llmemte 

The porphyntic quartz crystals are to some extent corroded, but on the whole 
they exhibit sharply defined crystallographic forms 

~MM Fouque and Michel-Lfivy in their MtnSralogte Micrographique give 
expression to the view that the porphyntic crystals of quartz m quartz porphyiy 
belong to Hie first epoch of consolidation, the partial rounding of the porphyntic 
crystals and the inclusion of portions of the ground mass by the quartz they 
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attribute to the corrosion of the crystals due to mechanical and chemical 
action 1 

A study of the rocks described in this paper has convinced me of the sound- 
ness of this view, and has satisfied me that the inclusions of the ground mass visible 
in the quartz crystals, in the specimens now described, are due to corrosion, or 
partial remeltmg, and not to imperfect crystallization consequent on rapid cooling 

The matrix of the hand specimen taken from the thin tongue protruded into 
the adjacent rocks is perfectly compact, even when viewed witK a powerful pocket 
lens, whereas that taken from the body of the dyke appears, under the same lens, 
to be micro-granitic rather than compact,—a difference attributable, I presume, 
to the fact that the thin tongue cooled more rapidly than the mam dyke If the 
porphyntic crystals were formed after the intrusion of the quartz porphyry, one 
wduld expect to see a marked difference between those m the tongue and those 
in the mum dyke, corresponding to the difference observable m the matrix of the 
specimens from the two localities One would, also, expect to see inclusions of 
the ground mass more common, and crystallographic outlines less frequent in the 
former than in the latter No such difference however is to be discerned Sharp 
well-defined crystallographic outlines are not rare m the quartz of the specimen 
from the tongue, whilst the crystals in the mam dyke are quite as much corroded 
as any in the tongue. 

Figs 8 and 10 of the plate attached to this paper may be usefully compared 
with fig 43, p 189 of MM Fouque and Miohel-Levy’s work above quoted 


Felsttes—Tusham 

Ten thm Blices taken from five band specimens have been examined The 
specific gravity of the latter ranges as follows — 


No 16 2 72 

„ 18 2 76 

„ 20 268 

, 22 268 

f „ 24 277 


The specific gravity of No. 24 is rather high, owing to the large amount of 
magnetite present in the rock 

The mean specific gravity of these five specimens is 2 71 The specific 
gravity of felsites according to J D Dana (Manual of Geology) ranges from 
2 6 to 2 7 and according to B von Gotta (Books Classified and Described) from 
2 5 to 2 7, that of the specimen^ described m the following pages, therefore, 
agrees well with the above authorities 

Nos 16 and 17 —A compact rook of dull brownish-red colour mottled with 
dark grey With the aid of a lens, grams of free quartz are seen to be freely 
sprinkled about m the matrix Some mica and minute spooks of iron are also to 
be seen 

M —The ground mass is micro-felattio Between crossed mools the particles 
which $how colour do not exhibit any tendency to that parallelism of arrange- 


1 See also Professor Judd’s and Mr Cole’s remarks in their paper on Basalt glass Q J G 
XXXIX, p. 469 



part 3 ] McMahon Microscopic Structure of some Arvdli Bocks 109 
* 

merits which is so characteristic ot slates The matrix is, as is often seen in 
quartz porphyries, blotchy in appearance, and is not of that uniform structure 
generally observed m slaty rooks 

In ordinary transmitted light the ground mass appears to be formed of two 
magmas imperfectly blended together, which differ from each other sufficiently 
in colour to render the fluxion structure of the rock visible The comparatively 
colourless magma appears to contain more quartz than the buff coloured.fels- 
pathic magma • 

In my paper on the gneissose granites of the North-West Himalayas, I noted 
an instance of grains of magnetite boing involved m strings of red ferrite in a 
way to exhibit fluxion (See fig 14, Records, XVII, p 72 ) 

In this slice a very similar instance occurs which I have sketched at fig 9 
The red femte has evidently been derived from the magnetite, and then, m the 
way suggested m my last quoted paper, the ferrite and the magnetite have been 
drawn out into strings during the subsequent motion of the mass The femte 
has not, in this case, been formed tn situ by the action of water flowing past the 
strings of magnetite Fig 9 should be compared with the^descnption given 
in the paper referred to 

The slices contained a considerable amount of magnetite and a little haamatite 
or gdthite 

There are no porphyntic crystals of felspar, but crystals of quartz are numer¬ 
ous They are in part rounded and corroded, though several of them present 
very perfect crystallographic outlines The quartz contains numerous liquid 
cavities with movable bubbles and gas inclusions 

Thin rounded microliths are abundant, here and there, in the ground mass, 
they are either colourloss, or of very pale green colour, and exhibit no dichroism, 
their optical properties being overpowered by the matrix m which they are im¬ 
bedded At times they radiate from a centre m a way that reminds one forcibly 
of the augite microliths of the pitchstone of Arran 

Nos 18 and 19 -—A dark grey compact rock with minute bleb» of quartz 
visible here and there in it 

M —‘The ground mass is micro-felsitic, and famt traces of fluxion structure may 
be made out in it. Porphyntic crystals of quartz ore numerous Some of them 
exhibit very perfect crystallographic outlines, but others are rounded and corroded 
A few are m the form of prisms with pyramidal terminations 

The Bliee contains one or two fragments of schorl What appear from their 
colour to have been crystals of hornblende are Replaced by delessite or an allied 
mineral, quartz, and a little femte The deleBSite is also dappled about over 
the slice 

A little magnetite is present, but it has for the most part been converted into 
red femte • There are one or two leaves of mica 

The quartz contains air inclusions and liquid cavities with movable and fixed 
bubbles 

Nob 20 and 21 —A light grey compact rock with minute facets of quartz 
visible here and there m it With a lens, some of these quartz crystals are 
seen to have very perfect forms, whilst others are rounded Little cavities have 

B 
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been created, here and there, by the decomposition and removal of the iron The 
specimen very much resembles an acid lava in appearance 

M —In general characteristics these slices are like those last described, except 
that they neither contain schorl nor delessite pseudomorphs , all trace of fluxion 
structure is also wanting Some of the porphyntic crystals of quartz m these 
slices are very remarkable objects, instead of being clear single crystals, like those 
m the other slices, they contain strings of muscovite xmcrolitbs, and are com¬ 
pounded of countless granules of quartz This is all the more remarkable as the 
extenor crystallographic outline of these crystals is, in some cases, very sharply 
defined In the field of the microscope these compound crystals have a striking 
resemblance to the quartz of such granites as the gneissose granites of the North- 
West Himalayas, m which the quartz exhibits a polysynthetic structure, and m 
which muscovite microliths are often abundant The presence of compound crys¬ 
tal of this character is not inconsistent with, but is, on the contrary, explained 
by the theory that they belong to the first epoch of consolidation, for it is opon to 
ns to suppose that after the rock began to consolidate as granite it was put in 
motion and partially remelted 

Magnetite, converted m part into red ferrite in situ, is abundant in these bIicos, 
and numerous specks of it are present in the compound quartz crystals abovo 
described 

Liquid cavities with movable bubbles are plentiful in the quartz In one liquid 
cavity I observed an inner liquid globule containing a violently active bubble 
The liquid globule is probably carbon dioxide 

Nos 22 and 23 — A dark grey compact rock, with minute blebs of quartz 
visible here and there It weathers to a light brown the weathered portion 
forming a sort of nnd more than a quarter of an inch thick This is probably 
the rock called basalt in the Archaeological Report (foot-note, ante) 

M —The ground mass is micro-felsitic, and the porphyntic crystals consist 
of quartz and felspar Both plagioolase and orthoclase are present, but the crys¬ 
tals are nab all fresh, many of the larger ones having been converted m part 
into a chlontio mineral There are also some crystals which appear to be pseudo- 
morphs after hornblende, the latter mineral having been wholly converted into 
vindite The quartz crystals are, as usual, m part rounded and corroded, the 
other portions exhibiting sharp crystallographic outlines A sketch of one of 
these crystals, taken from this slice, is given at fig 8 This quartz was appa¬ 
rently at one time a prism with pyramidal terminations at both ends The lower 
pyramid has been wholly eaten Sway, the top pyramid has lost its apex, and one 
side of the prism has been deeply corroded The dotted lines in the sketch indi¬ 
cate the portions that have been removed 

Nos 24 and 25 —A compact rock with minute blebs of quartz visible here 
and there It has a mottled appearance c 

M —The ground mass is, as in the ease of the other specimens, micro-felsitic 
Fluxion structure is to be traced, but it is not marked 

Magnetite is very abundant m the shoe, being present in well-shaped cubes 
and octahedrons Many of these have been peroxidised into femte of a brilliant 
red colour without the loss of their characteristic crystallographic outlines The 
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magnetite and femte give evidence) m the way they are grouped and arranged) of 
the flow of the ground mass 

These slices contain some leaves of a colourless mica, apparently muscovite, 
and a fragment of an altered mineral resembling hornblende 

Quartz is the only porphyntic mineral in this slice It contains very numer¬ 
ous liquid cavities with bubbles and some gas cavities, also fine hair-like colour- 

loss belomtes similar to those so often seen in the quartz of granite 

• 

Tusk&m granite • 

No 26 —A coarse-grained rock extremely rich in schorl andm muscovite 

M —Owing to the friable character of the rock, only a thick slice could be 
obtained, so thick that the felspar and schorl are quite opaque The felspar is 
stained red and yellow with ferrite 

The quartz and felspar are very much intergrown, and some of the smaller 
crystals of the former exhibit hexagonal outlines, showmg that they belong to the 
first epoch of consolidation, and that the granite exhibits a transitional stage 
between a normal granite and a quartz porphyry 

The quartz contains gas and liquid cavities 

No 27 —This specimen generally resembles No 26, but a black mica is sub¬ 
stituted for muscovite. It is present in considerable abundance, but m small 
packets Schorl is absent This rock which comes from a different part of the 
hill to No 26 is so friable that only a very thick slice could be made It is so 
thick that no observations woith noting could be obtained under the micro¬ 
scope 

Hilts near Tushdm 

No 28 —A fine-grained granite composed of felspar, quartz, and black mica 

M —The felspar is of two, if not three kinds plagioclase and orthoclase are 
both present, whilst the foliated mineral, described m detail further on, and which 
I regard as microcline, is abundant 

Quartz of both the first and second epoch of consolidation is present, the 
former is m polyhedne grains mixed up with or enclosed m other minerals One 
caught up m felspar is a perfect prism with pyramidal terminations at both ends, 
whilst many others give more or less perfect six-sided sections The quartz of 
the second epoch of consolidation is in large grains moulded on the other Tmmmdg 
Globules, or rounded disks of quartz, are abundantly scattered through the ground 
mass These disks are very characteristic of these rooks and of the ICh&T\a.k and 
Deosir granitoid quartz porphyries, to be described in the following pages Some¬ 
times they are seen to be merely thin disks without any tangible thickness, for 
they are seen to overlap each other, as m the south-east enclosure of fig 5, or to 
lie one upon the other, as m the south-west enclosure of fig 5, presenting in the 
latter case the appearance of an inclusion within an inclusion Fig 5, alluded to 
above, is a grain of quartz in this slice containing globulites, magnifie d 250 dia¬ 
meters 

Grtfcns of quartz are often stuffed with these disks, as represented at figs 7 
and 15, both of which are taken from shoes Nos 28 and 29 The felsitic ground 
mass contains multitudes of them, and some, if not all, mu&t belong to the second 



112 


Records of the Geological Surrey of India 


[VOL XVII. 


epoch of consolidation, for they frequently dwindle rapidly in size as they 
approach the edge of porphyntic crystals of felspar Fig 6 is given to illustrate 
this tendency The sketch represents a portion of the felsitic ground mass, the 
lower or southern margin of which abuts on a large felspar crystal which appears 
to have exercised an influence on the formation of the globular disks comparable 
with that of stratified rocks on sheets of basalt intruded into them, a dwindling 
in the size of the basaltic crystals being frequently observed towards the edges of 
intruded sheets *’ 

That the globhlar disks, however, were not the last mineral to crystallize is 
clear, for masses of them are sometimes included m felspar crystals and are 
arranged in hues which conform rigidly to the crystallographic form of the 
felspar 

The mica appears to be biotite, and some magnetite is associated with it 
Gas cavities predominate over liquid cavities, but the latter are also present 
in some abundance Many of the cavities are m polyhednc forms At fig 1 
I have depicted one of imperfect hexagonal shape containing a cube of sodium 
chloride and a movable bubble 

Some of the quartz contains hair-like microliths of schorl 
This specimen approximates to a true granite 

No 29,—A pinkish fine-grained granite The pinkish colour is due to the 
rosy tint of much of the quartz Some of the felspar is of dull greupsh colour 
Black mica is abundant 

M.—This appears to be a transitional form between a normal granite and a 
granite-porphyry 

The magma is composed of an extremely fine-grained mixture of quartz and 
felspar The quartz is, for the most part, m rounded globules, which vaiy 
greatly m size, some being mere dots, whilst some here and there, especially 
when crowded closely together, present imperfect hexagonal outlines They 
remind me much of the fish-roe grains of the Dalhousie gneissose granite 

In the ground mass, large crystalline fragments of felspar, quartz and leaves 
of dark mica, resembling biotite, ore imbedded 

The mica was evidently formed after the micro-crystals of quartz, for it 
encloses granules of that mineral and it is moulded upon other grains of quartz, 
some of which present hexagonal outlines 

Orthoclase, plagioclase, and microchne are present, the latter, which is typi¬ 
cally developed, is abundant It gccurs both as a component of the ground mass 
and in large ciystals None of the felspar presents external crystallographic out¬ 
lines 

Bounded and hexagonal grains of quartz of moderate size, which form a por¬ 
tion of the magma, and crystals of felspar, are stuffed with minute rounded 
globules or disks of quartz, like eggs in the roe of a fish, whilst some of these 
globules of microscopic proportions themselves contain other globules still more 
minute. 

Some of the quartz grains contain tabular inclusions of red ferrite, pAbably 
haematite, and to its presence I attribute the rosy tints of some of the quartz grains 
when viewed macroscopically 
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One of the grains contains hair-like microliths that may be rntile 
Liquid cavities are numerous in some of the large quartz granules, whilst gas 
cavities are abundant in all Some of the cavities contain a fixed bubble and 
deposited mineral matter of various kinds 

One of the felspars contains a leaf of muscovite 

The Kh&nah hills 3 miles north-west from Tushdm 

No 30 —A fine-grained granite of whitish colour speckled with black Black 
mica is abundant * 

M —Tnclmic felspar crystals are numerous, and equal, or nearly equal y m 
number those of orthoclase Microchne is not present The quartz belongs to 
two epochs of formation Moderately sized grains, many of which exhibit six- 
sided figures, and some of which are enclosed m felspar, are present, and also 
large pieces of quartz moulded on the other minerals 

The slice contains numerous small garnets, and some apatite The quartz 
abounds in liquid cavities with movable bubbles, gas cavities and liquid cavities 
with gas bubbles One enclosure is a very interesting one , it contains an abraded 
cube, apparently of sodium chloride, a globule of liquid containing an inner 
bubble, and other inclusions The liquid globule seems to be carbon dioxide 
Another enclosure contains a bubble and three crystals, whilst a third contains 
two bubblies, one a large gas one, and the other a small one of normal type 

Hair-like belonites are present in the quartz and microliths containing gas and 
other cavities 

The slice contains a good deal of magnetite or llmenite for the most part asso¬ 
ciated with the dark mica 

No 31 Sp G 2 62 -—A dark grey coloured rock, in which crystals of fel¬ 
spar, quartz and black mica are thickly imbedded m a grey compact matnx 

M —The ground mass is mioro-felaitic and shows some feeble traces of fluxion 
structure It contains orthoclase, plagioclase, and quartz porphyntically im¬ 
bedded in it The quartz is rounded and coiroded as in quartz Msites The 
slice contains numerous garnets 

Mica, brownish green m transmitted light, is very abundant The leaves are 
grouped together, and some of them are well foliated 

This shoe, Nos 28 and 29, and the other specimens about to be described, 
contain a mineral regarding which I have felt considerable doubt It is either 
colourless or has the faintest possible brownish yellow tmt in transmitted light 
It exhibits no dichroism and polarises in bnlliant colours more suggestive of 
pyroxene than microcline It presents a very finely foliated appearance, perfectly 
straight and parallel lines traverse it, and are so crowded together that about 200 
of them may be counted in a single piece. Coarser but interrupted clcavago 
lines, in soihe specimens, cross these at an angle of about 82° The negative axis 
is at a high angle (from 80° to 90°) from the fine lines The mineral is super¬ 
ficially corroded here and there, after the manner of felspars, and the corrosions 
exhibit a strong tendency to run with the fine lines 

None of the pieces possess crystallographio outlines sufficiently definite or 
characteristic to help one to determine the nature of the mineral 
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Between crossed mcols the mineral generally presents an unbroken sheet of 
colour, but occasionally the fine parallel striae exhibit colourless streaks between 
the hues of colour, but this is apparently the optical effect produced by the clear- 
age planes on the transmitted polarised light, and is unlike the appearance pro¬ 
duced by the multiple twinning of tnclmic felspars Moreover, in the case of tn- 
clinic felspars, the negative axis is at a comparative low angle to the twinning planes 
Pyroxene is sometimes found m granitic rocks (J D Dana’s Manual, p 219) 
and diallage has been observed m some granulites composed of diallage, tnclimo 
felspar, quartz, garnet, and biotite (Geikie’s Text-Book of Geology, page 125) 
Viewed macroscopically, however, I can discover nothing in the hand specimens 
suggestive of pyroxene,—what is not quartz appears to be felspar 

In my paper “ On the Microscopic Structure of some Dalhousie rocks ” (Re¬ 
cords, XVI, p 131), I noted the occurrence of a fibrous felspar m those rocks, 
and quoted from Zirkel’s Microscopical Petrology of the 40th Parallel a notice of 
a similar felspar which occurs in the American rocks 

The mineral now described differs from the Dalhousie one m that the fine 
parallel lines m the Arvfih mineral look less like fibres than cleavage planes, but 
still I think, on the whole, that the mineral before me can only be a variety of 
microckne 

The slice contains magnetite or llmemte A microlith, apparently of quartz, 
contains a liquid cavity, with a movable bubble 

The quartz contains the usual liquid cavities r 

The microscopic examination of this slice shows that the rock is a quartz 
porphyry approaching to a granite porphyry 

No 32 —This specimen closely resembles the last, but the amorphous pasto is, 
perhaps, less abundant 

M —Under the microscope this rock presents much the same appearance as 
the last The porphyritic crystals of quartz and felspar are rounded and cor¬ 
roded, and contain inclusions of the ground mass The fibrous felspar (micro- 
clme) is abundant Flakes of mica are scattered through the ground mass m 
great numbers 

Nigana Tulls, 7 mites south from Tush&m 
Nos, 33-38 —A pmkish rock closely resembling a granite The felspathic 
ground mass is in this specimen at its minimum 

M,—These slices present the general characteristics of the Kh&nak rocks Li¬ 
quid cavities containing vacuum and gas bubbles are abundant Some of the cavi¬ 
ties are of hexagonal shape A great many of them contain deposited minerals 
as well as bubbles One, eontaming three cubes and a bubble, is depicted at 
fig 2 I also observed a microlith containing a stone enclosure 
Microliths, probably of schorl, are abundant in the quartz 
As m the other Kh&nak specimens, globules of quartz, some of which are of 
unperfect hexagonal form, are abundant 

Deosir, an isolated Tull, about 4 miles south-west from Bhiw&m 
Nos 39-41 —A fine-grained granite of grey colour composed of quartz, fels¬ 
par, and black mica. Viewed maorosoopioally this appears to be a perfect granite 
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M —Under the microscope, this rock is seen to possess ft micro-crystalline 
ground mass, m which large crystals of felspar, quartz, and biotite (?) ore imbedded 
The ground mass consists of a felspathic base m which myriads of quartz gtobu- 
lites are scattered about Most of them present more or less rounded outlines, 
but some are roughly hexagonal or four sided in shape 

There are some micro garnets, and a little schorl, blue m transmitted light, 
is seen m one of the slices 

Porphyritic crystals are present which exhibit crystallographic outlines m 
part, whilst other portions of them are rounded, and contain •inclusions of the 
ground mass 

Plagioclase and orthoclase are both present The latter is very glassy and 
is undistmguishable from samdme 

Liquid cavities with bubbles are very numerous in the quartz, and many of 
them contain deposits of sodium chloride or other cubic salt One containing a 
cube of the latter also contains a red liquid globule with an inner bubble In 
some, as in the case depicted at fig 3, the crystalline deposit nearly fills the 
whole cavity In another case, see fig 4, gas and a crystalline deposit are in¬ 
cluded m the same cavity These examples appear to indicate conditions of in¬ 
tense heat and great consequent solvent capacity in the bquid and gas Some of 
the cavities are of rough hexagonal shape 

The ground mass contains numerous dots of opacite Pine hair-like micro- 
liths are common in some of the quartz 


Hissar City Wall 

Nos 42-43—The wall of the town of Hissar is built of blocks of rock from 
the neighbouring hills of Khanak or Nigana The thm slices examined do not 
differ fiom those described in tho preceding pages 

Conclusion * 

When I commenced the microscopical examination of the rocks described in 
the preceding pages, I though it probable that some affinity would be detected 
between the Dosi syenitic granitoid gneiss and the granitoid rocks of Nigana, 
Khanak, and Dcosir, but they proved to be altogether different 

In the Dosi rock hornblende is a prominent feature, whereas in tho rocks 
with which it has beon compared, there is scarcely a trace of that mineral 

The Dosi rock, moreover, is of granitic structure, whereas the Khanak rock, 
and its allies are quartz porphyries more or less approximating to, but nevor be¬ 
coming, true granites 

In point of age there is probably a wide gulf between them What the pre¬ 
cise geological age of the Khanak group may be, it is impossible to determine 
from the exammation of the Tusham region alone, as the Khanak rocks and 
their allies form isolated hills—small islands as it were—rising from a sea hko 
expanse of post-tertiary sandy soil, the long swelling waves of which, formed into 
a series of crests and troughs by the prevailing westerly winds, break like tho 
awell ot the ocean on their rocky shorts 
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Whether the Dosi syemtic granitoid gneiss is or is not an igneous rock is a 
question which must remain for the present an open one It has its allies doubt¬ 
less further south, and the quostion must be decided m connection with them 
Certain it is that the Dost rock contains internal evidence of having been re¬ 
duced by aqueo-igneous agencies to a fusod condition, and it does not differ m in¬ 
ternal structure from some Scotch eruptive rocks with which it has been com¬ 
pared These circumstances, however, are not in themselves sufficient to deter¬ 
mine the question The examination of the Delhi quartzite, detailed m this 
paper, shows that this rock also, regarding the sedimentary origin of which I 
presume there can be no doubt, was subjected to intense aqueo-igneous heat and 
reduced to a plastic condition 

The, microscopical examination of the Delhi quartzite is most instructive, for 
it shows that whilst we have at the one end of the metamorphic scale such rocks 
as the micaceous schist intercalated with unaltered limestones of the oarbo- 
tnassio series, alluded to in my paper on the gneissose granites of the North- 
West Himalayas, the metamorphism of which has evidently been brought about 
by aqueous agencies which required little heat for their accomplishment, at tho 
other end of the scale wo have very ancient rocks like tho Delhi quartzite which 
have been subjected to intense plutomc heat 

The Delhi quartzite, moreover, shows that evidence of fusion, taken alone, is 
not sufficient to enable us to say definitely whether a rock which exhibits it is an 
eruptive or a metamorphic rock 

Evidence of fusion, however, is a pomt, the significance of which can hardly 
be over-estimatod Combined with other evidence which would not in itself bo 
conclusive, it may place the eruptive character of a rock beyond doubt, whilst, 
in doubtful cases, evidence of igneous fusion would, I think, narrow the issue to 
be determined to the question whether the rock under examination is an igneous 
one or a metamorphic rock of extreme geological age 

Plutonic heat sufficient to reduce such a rock as a quartzite to a fused condi¬ 
tion must have occurred at a great depth, and a rock so deeply buned must have 
required ages to come to the surface Hence evidence of igneous fusion in a 
metamorphic rock affords a strong presumption of great geological age 

Tho difficulties which some geologists feel in believing in the existence of other 
than archrean metamorphic rocks may possibly arise, it seems to me, from not 
sufficiently discriminating between plutomc metamorphism, like that exhibited by 
the Delhi quartzite, and the hypo-metamorphism of such rocks as the carbo- 
tnassic mica schist, previously Alluded to, which may be produced by aqueous 
agencies near the surface, without much heat, and which does not connote 
archamn age 

But to return to the Arvdli rocks Whilst I do not consider it desirable, for 
the reasons given above, to pronounce a definite opinion regarding the Dosi 
syemtic granitoid gneiss, on the other hand the microscopic examination of the 
Tusham, Kh&nak, and Deosir rocks has satisfied me that many of these, which 
I previously regarded as probably of metamorphic origin, are really eruptive rocks 
The chiastohte schists and the indurated clays on the eastern flank of Tush&m 
are of course sedimentary beds, but the rocks which compose the centre and 
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the western flank of the hill prove to be felsites or micro-quartz-porphynes, which 
contain internal evidence of their eruptivo origin in the shape of fluxion structure 
and other structural peculiarities 

The Tush&m rocks are penetrated by granite bosses and veins and by quartz 
porphyry dykes which are undoubtedly mlrubivo 

A little hill close to Tusham and the hills of Khanak, Nigina, and Doosir are 
evidently closely allied to the granite, the quartz porphyry, and the felsites of 
Tusham Viewed macroscopically theso rocks at first sight* look like granites, 
but the aid of a pocket lens enables one to detect more or less aifiorphous paste m 
nearly all of them Under tho microscope they are seen to be quartz porphyries, 
which shade towards the granite porphyries on the one hand, and towards the 
felsites on tho other Indeed the felsites of Tushdm are micro-quartz-por- 
phyrios Undor the microscope they are seen to bo of precisely the same struc¬ 
ture as the Tusham quartz porphyry, the only difference bemg that in the 
former the grain is of microscopic fineness, and the porphyntic ciystale extremely 
minute, whilst m the latter, the porphyntic crystals are of large size, and the 
distinction between them and the amorphous ground mass is visible to the un¬ 
aided eye 

Tho Nigdna, Khanak, and Doosir rocks are also essentially quartz porphyries 
in their structure, but the porphyntic crystals aie in size intermediate botwoen 
thobo of the quartz porphyries and tho felsites of Tusham The amorphous paste 
(ground mass), however, is relatively small in amount, and the resulting lock 
appxoximates in appearance to a granite That they are all eiuptive rocks, and 
all more or less connected with each othei, I soo no reason to doubt Fluxion 
structure, and the presence of minerals of the first and socond epochs of consoli¬ 
dation, the former of which have been partially rounded, corroded, and eaten into, 
as m figs 8 and 10 of the plate attached to tins paper, seem to me to offer decided 
indications of their eruptive origin 


DESCRIPTION OF THE PLATE 

Fig 1 —A liquid cavity of imperfect hexagonal form, containing a movable 
bubble and a cube of sodium sulphide Granitoid quartz-porphyry from hill 
near TusMn Slice No 28 

Fig 2 —Liquid cavity containing deposited minerals and a bubble Slices 
33—38 Granitoid quartz-porphyry Nigana hills 

Fig 3 —Ciystalline deposit nearly filling a liquid cavity Granitoid quartz- 
porphyry Deosir Slices 39—41 

Fig 4 —Crystalline deposit m gas cavity lb 

Figs 5, 6, and 7 —Rounded granules and disks of quartz scattered through 
the ground mass (fig 5), and enclosed in quartz grains (figs 5 and 7) Slice 
No 28 Granitoid quartz porphyry Hill near Tushdm 

Fig 8—Quartz crystal in part rounded and conoded Slices 22 and 23 
Felsite Tusham 

Fig 9 —Grains of magnetite involved in a string of red femte Slices 16 and 
17 Felsite Tusham 


o 
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Fig 10—Quartz crystal partially rounded and corroded Slices 9—14 
Quartz porphyry Tusham 

Fig 11 —An air bubble attached to minerals Slices 5—7. Delhi quartzites 
Fig 12 —Opacite drawn towards and attached to a microlith, lb 
Fig 13 -—An opaque crystal embraced by a flake of mica lb 
Fig 14 —Liquid cavity with the bubbles (right hand one is movable) and 
a corroded ciystal of sodium chloride Slices 9—14 Quartz porphyry Tushdm 
Fig 15 —Bounded disks of quartz and dots of opacite enclosed m a quartz 
gram Slices 2S and 29 Granitoicl quartz porphyry Hill near Tushdm 

Fig 16 —Coloured stone enclosure containing four fixed bubbles in the quartz 
of the Dosi syemtic granitoid gneiss Slices 1—4 

Figs 17 and 18—Microliths containing shrinkage cavities Opacite has 
formed on that in fig 17 SliceB 5—7 Delhi quartzite 

Fig 19 —Liquid cavity of hexagonal shape containing a globule of hquid 
carbon dioxide and inner movable bubble Delhi quartzite lb 

Figs 20 and 21 —Microliths (20 of quartz and 21 of mica) which have caught 
up micro-crystals and opacite Delhi quartzite lb 

Fig 22 —Air or gas bubble surrounded by a ring of coloured mineral matter 
Delhi quartzite lb 

Fig 23 —A hquid cavity containing a crystal and two bubbles, the nght 
hand one being a movable gas bubble Dosi syemtic granitoid gneiss 

Fig 24—Liquid cavity containing bubble and crystal from the quartz of 
granite invading lower silunan rocks Aberdeen 
Fig 25 —Enclosure containing gas lb 

Figs 26, 27, 28, and 29 —Micro-crystals containing hquid cavities and shrink¬ 
age cracks m the Aberdeen granite referred to under fig 24 

Figs 30, 31, and 32 —Liquid oavities m the Dosi syemtic granitoid gneiss m 
which crystals have been deposited on coolmg The cavities also contain bubbles 
Fig 33 —A gas inclusion in a liquid cavity lb 

Fig 34 —Another liquid cavity m which a ciystal has been deposited on 
cooling lb 

Fig 35 —A liquid cavity in quartz which has taken the shape of a quartz 
crystal The enclosed liquid contains a movable bubble lb 


Section along the Indus from the^Teshomwr valley to the Salt-range , by W Waagbn, 

PhD,FGS 1 

Having just returned from a little trip from K&lab&gh up the Lun Valley to 
Kohat, and from there over the Kotal Pass into the Pesh&war valley, then back 
over the Meer Kulan, Pallosi, and Sundully Passes to Shadipur and down the 
Indus to Kilab&gh, I hasten to communicate to you some of the results, as far as 
I am able to point them out here m the field 

1 The figured section, with the brief description now published, was communicated to Dr 
Oldham In the form of a letter some 12 years ago, when Dr Waagen was attached to the Geological 
Survey of India As an accurate representation, so far aa the scale would admit, of a moat inter- 
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Waagen Section along the Indus 

One of the most interesting parts of the whole excursion certainly was the 
returning road down the Indus, as this exhibited an uninterrupted section from 
the oldest to the youngest formations of the whole country, and it is principally this 
section, of which I send you enclosed a drawing, which I intend to describe more 
accurately 

Starting from Julozai in the valley of the Cabul river, one has to traverse first 
a rather extensive plain, consisting entirely of debns, mostly of a red sandstone 
and marl mixed with fragments of black slate and quartzitic sandstone As soon 
as one reaches the skirts of the hills down m a little ravine, a yellowish limestone 
with great masses of greenish flaggy shales and slates below crops out The 
slates continue, changing their colour slowly into black, and then mixed with 
dark, extremely hard qnartzitic sandstones After about 2 or 3 miles march¬ 
ing, down in a deep glen, suddenly a light-coloured limestone appears, as if 
dipping under the slates, which are exposed to an enormous extent on both 
sides of the glen After a short search, nummulites were detected in this lime¬ 
stone, which is, however, not more than about 10 feet in thickness, being then 
already followed by red sandstones and shales, nearly quite vertical Though 
the red colour prevails in these rocks, there are also some thick pale green bands 
m it, which, however, do not influence the general red aspect of the whole forma¬ 
tion The thickness of this formation is very great, though not so much as that 
of the slates, and at several horizons in it tlun bands of nummulitic limestone 
are to be met with The road winds then up out of the bottom of the ravine, 
and then again nummulitic limestone appears, here nearly horizontal, forming a 
crest, and apparently lying regularly above the red formation The nummulitic, 
however, is lost soon again, and the red sandstones and shales, here locally almost 
vertical, are the rocks, over which the path winds up further on Descending 
into the glen on the other side of the pass, the red formation is replaced by dark 
shales, m some layers filled with the impressions of fossils, among them very 
numerous impressions of nummulites They rest upon thick hard grey lime¬ 
stones, m which nummulites could not be detected, though they may yet belong 
to this formation The bungalow lying on the scarp of the glen is built on these 
limestones Below them follow first again dark shales, then a light-coloured 
flaggy limestone, contorted like the Flysch along the northern base of the Alps, 
then again shales, and then a thick zone of white and light grey quartzites, rest¬ 
ing on a formation of greenish or greyish slaty shales of several hundred feet m 
thickness No trace of fossils could be detected m all those layers Below this, 
grey limestones in thick banks are sticking out, hut also here fossils are extremely 
rare, and no characteristic species was obtainable Sections of shells are visible 
on the weathered surfaces, and m some places I saw Entrocbi of a little sharp 
angular Pent&onmte Under these again a thick mass of brownish oolouied slaty 
• 

eating aeotion, it is well worthy of record, showing a continuous section of the immense sequence of 
tertiary rooks lying between the Himalayan elevation and the outlying remnant now left m tho 
Salt range, of what were probably the ancient fringing deposits of peninsular India The inter 
pretation given of some points of the section may perhaps be open to question, but this scarcely 
interferes with the admirable view presented of the prodigious movements that have affected 
this enormous accumulation of tertiary strata The elevation of the Peshawar plain at Attock u 
only 1,100 feet, and that of K&labigh about 700.—H B M 
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shales is lying 1 , with lenticular portions of a beautiful oolitic grey limestone in it, 
then, just above the village follow white lithographic limestones without any 
fossils, then again slaty shales 

After having crossed the valley of a little nver the, way again ascends to the 
Pallosi and Sundully Passes, which both m reality form only one Pass, crossing 
the range of mountains of which the Nilab Gash is the highest point m British 
temtoiy On the north foot of the hills, yellow marly limestones, dipping at alow 
angle to the north, and containing casts of a large Lucma and some Gasteropoda 
appear, then follow compact nummnlitic limestones in great thickness, dipping 
here to the south, but further on much contorted In fact the whole range 
chiefly consists of these limestones, and only m the deeper cuttings of valleys or 
ravines, older formations appear So, looking down from the height of the Sun¬ 
dully Pass, a rather thick system of limestones, sandstones, and shales, on the 
whole of a brownish-yellow aspect, is observable We were prevented by rain 
and the short daytime from going down and examining the beds closer But 
from fragments found before in the nver, and from the bedB observed by Mr 
Wynne at another locality, it seems that cretaceous and Jurassic, certainly meso- 
zo ic, deposits are here represented On the other side of the valley nothing of 
those formations is observable, but instead of that a red band runs along the 
foot of the steep scarp of the nummuhtic limestone 

The southern slope of the range is very steep, and the first descent is entirely 
occupied by nummuhtic limestone, then there is a sudden change m colour, and 
the whole country appears as if looked at through a red glass In the beginning 
just at the foot of the hills, between the purplish-red layers, a few bands of yellow 
marly nnmmnhtics are still observable, bnt they are only few m number and very 
thin Further on purplish-red sandstones and marls compose exclusively the 
rocks along the road, only sometimes there appears a greenish zone, the layers 
are fearfully contorted and dipping m every direction A short distance before 
reaching Shadipur the red colour is lost again, thick soft grey sandstones here 
cropping .out, only seldom interrupted by a purplish marl bond 

At Shadipur I took a boat, and during four days going down the nver I 
observed the following section At Shadipur the grey sandstones appear along 
the nver bank, dipping to the south, then the purplish-red senes comes in again 
inexpressibly contorted, and two or three miles farther down a band of nummu- 
litic limestone, with vertical bedding, orosBes the nver Behind this a little 
valley, filled up with uncouformable conglomerate, comes down to the nver, and 
conceals the junction between the nnmmnhtics and the next senes, the same 
grey sandstone with a feto purplish marl zones, upon which Shadipur is built 
The layers, however, are here nearly all vertical, sometimes inclined a little to one 
or the other side This again lasts for several miles, the contortions become less 
strong and so better visible , suddenly thick marly layers of a red colour appear, 
mixed with rather thin beds of grey sandstone To mention all the contortions 
of these and all the following layers is utterly impossible, and I can in this respect 
only refer to the drawing, which I have made after nature, and which may give a 
general idea of the features of stratification A comparatively short distance 
further on, the red marls and giey sandstones ore checked by a fault against a 
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very extensive senes of purplish marls with subordinate but often very thick 
grey sandstones, about in the middle of which Kushialgurh is built on a sand¬ 
stone reef 

This purple senes lasts yet for a long distance below Kushialgurh, but then 
it finishes at a little valley which comes down to the nver, on the other side of 
which suddenly red marls appear, dipping under a rather low angle to the south 
The sandstones between these marls are grey, as elsewhere in the Indus section 
The colour of the marls, going farther down the nver, rapidly changes into brick- 
red, and near the rapid at Kasab the red colour is most striking A short dis¬ 
tance below Pres, the nver turns to west 30° south and runs for about € miles in 
a beautiful channel nearly m the stnke of the beds, which is with a very remark¬ 
able constancy from Shadipur down to Mirzapur at the mouth of the Soh&nnver, 
west 20° south —east 20° north The nver flbws for a very long way through 
the red senes, only at the short turn before amvmg at the last rapid, the colour 
of the marls changes suddenly into orange and green, and then follows a very 
thick pale yellowish-grey sandstone m enormously thick beds, only rarely inter¬ 
rupted by orange marls In the upper region the sandstone contains layers of 
conglomerate, consisting of pebbles of beautiful crystalline, metamorphic or 
eruptive rocks The conglomerate beds become more and more numerous, and at 
last the rock changes into a very extensive mass of conglomerates, in which 
limestone pebbles are nearly entiroly unknown 

Further on the thick sandstone, which I shall call Dungote Sandstone, after 
the Dungote Hill, which is entirely formed of it, comes out again, and below it 
the orange senes, both dipping to the north, then a short span of very contorted 
orange beds, and then again the conglomerates, faulted against the former 
The bedding now quickly changes to nearly honzontal, about Makhud Below 
Makhud the Dungote sandstone comes a third time above the level of the nver, 
sometimes containing a bed of conglomerate, the decomposition of which has 
covered the whole country with a rather thick sheet of perfectly rounded pebbles 
of crystalline rocks • 

Coming near the mouth of the Sohan nver in the vicinity of the hill tract in 
with the Salt-range, the stratification of the rooks is again disturbed, 
the layers are turned up, dipping to tho north, and the orange senes appears 
below the Dungote sandstone in a broad zone A fanlt just below Dungote Hill 
brings the sandstone again down to the level of the nver, a little further on, after 
several faults, the orange senes forms the sides of the cutting the nver has made 
through the hills, down to the Lun nver Galley. Below this, the rock-salt, 
gypSum, and red marl of the K&lab&gh and Man hills form the nver bank In 
the K&lab&gh hill a part of the orange senes lies uucouformahle upon the salt 
a-nd gypsum, and above this again unconformably a thick conglomerate, consist¬ 
ing nearly exclusively of calcareous pebbles Kdlabagh itself stands upon highly 
tilted layers of sandstone with conglomerates of crystalline pebbles 

Such is m rough outline what I have seen The more difficult task, how¬ 
ever, is to arrange all the divisions I have distinguished into a chronological 
scale, and to discuss their relations to each other I begin with the undoubtedly 
youngest of them the 
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(1) Unconformable Conglomerate This formation is spread over the whole 
Rawal Pinch plateau m more or less extensive patches, and I have marked it m 
the section at several points at K&lab&gh, below Res, below and above Kashial- 
gurh, and below Shadipur It nearly always consists chiefly of calcareous pebbles 
It has partaken m the disturbances of the older beds, so far as I know, only at 
Kilabdgh, where it is erected vertically m some places Of about the same age, 
or a little older, may be certain clayey sands of a white or yellowish colour, which 
I have marked below Kushialgnrh 

Undoubtedly older than No 1, but following immediately below it in the 
scale of our section, is the 

(2) Conformable Conglomerate This formation shows the best development 
in the hills above Makhud, where it is exposed to an enormous extent all along 
the nver It appears again near Makhud itself, but nowhere again to the south 
or to the north It is chiefly consisting of crystalline pebbles, and is intimately 
connected with the underlying sandstone, is disturbed entirely in the same way 
as this, and actually passes down into 

(3) Dnngote Sandstone A pale yellowish-grey more or less soft sandstone of 
about 2,000 feet in thickness, alternating commonly with layers of conglomerate 
m the upper and orange marl beds in the lower part A part of the hills above 
Makhud and the greater part of the Dungote hill range is formed by this sand¬ 
stone , its most extensive development is, however, further west from the Indus. 

(4) Orange Senes There is a perfect transition from the sandstone above into 
this senes. The pnncipal rocks are grey sandstones interstratified with partly 
very thick beds of often veiy bnght orange and grey coloured marls This senes 
is found resting unconformable upon the rock-salt and gypsum at K&laMgh, all 
the hills between the Dungote ndge and the Lun valley consist of it, it appears 
north of the Dungote hill, and north and south of the hill range above Makhud 
eveiywhere m intimate connection with the Dungote sandstone The thickness 
of this senes is only m some parts considerable 

(5) Red Senes By alternation of red with orange beds, the senes before 
descnbed passes into this The marls are here very much prevailing over the 
sandstones, and of a bnght bnck-red colour In our section this senes is only 
represented north of the conglomerate hills near Res and Easab, and for a short 
distance between Kushialgurh and Shadipur At the latter place it passes down 
into the 

(6) Grey Sandstone Senes, consisting of thick grey sandstones with rare marl 
beds of grey and purple colour This senes ocours at Shadipur, and to a greater 
extent below this village ‘Its relations to the next bed are nowhere sufficiently 
clear to determine from a stratigraphies! point of view the age of this senes, but 
as in the next division already nummnhtes occur, there is no doubt that it must 
be older than all the rocks as yet mentioned, and one can therefore safely suppose 
that the grey sandstone with purple marls passes down into the 

(7) Purple andMurree Senes I put these two senes down together, though 
their appearance is not entirely identical, as both senes contain in small bands 
nummulitio limestone Their chief difference consists in the sandstones, which 
are in the former grey, in the latter purple The purple senes as developed in 
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the country round Knshialgurh shows no nummulitio band, but m the direct 
strike of the beds, m the vicinity of Goorgoorlot Sir, I collected a great quantity 
of nummulites in them The Murree senes with purple sandstones is developed 
north and south of Shadipur, and m the centre of the Mir Kul&n Pass The 
stratigraphical relations of this senes to the nummulitio limestone are extremely 
difficult its layers stand vertical at the side of nummulitic limestone south of 
Shadipur, they seem to dip under the latter at Sundully Pass, and lie above the 
oldest nummulitics on the Mir Kul&n Pass That their position is certainly 
not below the great mass of compact nummulitio limestone isP shown clearly by 
the Pallosi Pass, where the limestone lies immediately above the mesozoics with¬ 
out the Murree senes between It is therefore for me no doubt that the Purple 
and Murree series are the youngest nummulitics passing up without interruption 
into younger tertiary and diluvial deposits 

(8) Nummulitic Limestone Developed to a great extent m the Nil&b Gash 
range, the southern part of which is pushed over the Murree semes in a very 
Bimilar manner as the Alpine limestone is pushed over the .Plysch along the 
northern foot of the Alps The lowest division of the nummulitics consists of 
brown shales, which are exposed at the Mir Kulan Pass In this latter range the 
lower nummulitio limestone (above the shales) does not come into the section, but 
is well developed further to the west 

(9) Mesozoic The rocks and whole development of these formations is so 
stTange m this country, that I must abolish for the present any attempt to go into 
particulars about them That those beds are mesozoio is not doubtful, as the 
want of nummulites and the fragments of belemmtes in fallen pebbles m the 
Pallosi pass very strongly indicate 

(10) Attock Slates As neither fossils are found, nor do the stratigraphical re¬ 
lations reveal anything, I am utterly at a loss as to the determination of their age 
About the age of the last formation, the 

(11) Bock Salt, I shall report another time 


On the selection of Sites for Bonngs in the Baigarh-Hmgir Goal-field First notice, 
by Will King, B A , D Sc, Officiating Superintendent , Geological Survey of 
India (With a map ) 

I —The Country and the Bocks 
II —Division into Boring Areas 

(a) The Lilian Valley Tract. 

I —The country selected for this exploration lies about 22 miles north-north¬ 
west of Sambalpur, being partly m the Baigarh and five other smaller zemm- 
danes of that distnct, and partly in the Hingir dependency of the Gangpnr tnbu- 
tary state of Chntia-Nagpur Its geology and much of its coal capabilities have 
been already descnbed 1 by Mr V Ball (late of the GeologicaHSurvey), and the 
occurrence of coal was known 9 to Captain Saxton so far back as 1855 

1 Bee, G S I, IV, pp 101 107 (1871), VIII, pp 102 121 (1875), and X, pp 170173 
(1877) Also, Manual of the Geology of India, Port I, Chap V, p 128, Chap IX, p 208 , and 
Part III, Chap II, p 89 ^ 

9 A Statistical Account of Bengal (W W Hunter), Vol XVII, p"l90 
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Although more than twelve years have elapsed since Mr Ball’s first report 
was made, it is only now that the more practical development of this field is being 
taken in hand owing to the renewed proposals for increased railway communion* 
turn between the Central Provinces and Calcutta It will therefore be some satis¬ 
faction to this geologist, after his unpromising labours in such an isolated and 
difficult tract as this is, as also to his predecessors m thiB field, to know that this 
line of railway will traverse the Hmgir plateau It ns practically to meet the re¬ 
quirements of this section of the Bengal and Nagpur Railway 1 * 3 that the present 
boring reconnaissance is being made 

In the mam, this region is a low irregular plateau or upland, the surface of 
which has a general very easy slope from north to south, with a slight depression 
or hollow in its southern half, along which the trace of the railway line runs Ex¬ 
cept at a few points such as where the railway enters on it from the Raigarh or 
Bilaspnr side and leaves it in the Rajpur or lb nver valley, the plateau is edged 
on all sides, but that to the north-west by a tolerably well-marked escarpment of 
from 150 to 400 feet m height There are further flat-topped hills m the intenor 
and in the north and eastern portions which attain an elevation of over 1,500 and 
1,900 feet above the sea The large village of Hmgir is near the centre of the 
plateau at about 1,200 feet, and the railway trace enters on the western side at 
741 feet, runs up to 942 feet in the middle, and leaves, on the Raj pur side, at 790 
feet above datum (Karachi, MS L), passing about 4| miles due a south of 
Hmgir The proper plain below the escarpment slopes away gradually, on the 
south Bide, towards Sambalpur, on the east, to the lb and its tributary the Bai- 
sandar, but to the south-westward, there is at first only an extremely narrow low- 
level valley, shut m by a long north-west—south-east ridge of crystalline and tran¬ 
sition rocks, outside of which la.the proper low country of Raigarh and Bilaspur 
The drainage system is included between the Kelo tributary of the Mahanadi on 
the west and the lb on the east, the plateau itself being mainly watered by the 
Kur, Oira, and Bagdia nalas on the one side and the Lilian and Dulnnga nvers 
on the south and north-east 

The different rock formations are very clearly displayed in the surface features 
of the country The plateau and escarpment are of sandstones and other beds 
which Mr Ball classed as ‘ Upper Sandstones ’ or * Hmgir Beds,’ preferring to 
leave their position in the Gondwana senes rather an open question, his tendency 
m his latest notice 8 being to range them m “two dis tin ct groups, one contain¬ 
ing fossil plants which serve to correlate it with the Kamthi-Roniganj group, the 
other being probably of Mahadeva*age ” Beneath these Upper Beds or Kamtb is 
and forming the Base of tie escarpment, or a low terrace at its foot as well as the 
low country tor some distance out, all round the plateau except to the north-west, 
are beds of the Barakar formation, with perhaps two or even more coal seams 
The thickness of the Barakars appears to range from 200 feet at the fewest on the 

1 1 am indebted for much of my estimates of thicknesses, &e„ of the strata in this region to 

an Index map and section of the railway surveys The 1 inch map of the Topographical Survey is 
very poor, fall of misplacements of village names, and occasionally out m the courses of the 
nvers 

3 Manual, Part III, Chap III, p 89. 
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south-west side of the field, to 600 feet or more on the northern edges Beneath 
these again he the Talchirs which crop out at various places m the outer low 
country. 

So far, the definition or display of these three sub-divisions of the lower Gond. 
wanas is perfectly clear, but, as with my former colleague, I am also unable to 
draw any hard-and-fast line of demarcation between the top of the Barakars and 
the bottom of the Kamthis At the same time, as far as tho present enquiry 
goes, it will be possible to recognise with approximate accuracy strata of the two 
formations in such borings as may bo made through them * 

It may seem almost unnecessary to dwell further on any but the Barakar rocks, 
which, as holding the coal seams, would' appear to be those alone requiring search 
by boring, more particularly as all the rocks have been already described by Mr 
Ball The exposure of the Barakars is, however, often so very narrow and shat 
m along the south-western border, and the seams are apparently so near the sur¬ 
face, and thus p^lsibly disconnected by denudation where their area is wider, that 
the contingency of having to bore through the lower part of the Kamthm must 
not be overlooked 

My farther examination of these upper Beds shows that they are separable, over 
most of the field, into three marked bands or /ones, the uppermost of which is a set 
of thick-bedded sandstones, more particularly seen in the higher flat-topped hills of 
Hingir Bpneath these comes a varying thickness of softer and less harsh surfaced 
strata, with seams and patches of small pebbles and gravel, generally of reddish 
colours, making up much, of that part of the plateau crossed] by the railway line 
Lower still, are moro indurated coarse sandstones of red and' purplb colours, but 
weathering brown, with which are associated frequent seams and even beds of hai d 
red clays and shales full of charactenstic Kamthi species of Gtossopteru r, 
Schtzonewra, and Vertebrana The thickness of each of these bands vanes a good 
deal, and at times the middle one seems to disappear, while the upper or lower 
one thickens out 

The red-clay zone is fairly persistent throughout, and, as immediately over¬ 
lying the Barakars, and being occasionally sufficiently denuded to present no in¬ 
superable thickness against the bonng tool reaching the possibly underlying coal 
measures, it is of considerable interest Its thickness may be as low as 150 feet 
along the south-western edge of the* plateau, and this may increase to 300 feet on 
the north-eastern border 

The Barakars are, fortunately for purposes of recognition in different parts of 
the field, also* marked by distinguishable bonds of strata Their upper portion 
consists of a decided zone of brown-weathering ironstone flags and thin beds, so 
charactenstic m the south-west fringe of low conntry as to have been particularly 
noticed by Mr Ball who, in one part of his report, says “ the position of the Ba¬ 
rakars is marked by the ironstones ,r The zone is not very thick here, perhaps 
hardly 40 feet at the most, and it is constant alt down the Sambalpuri-Dib- 
dorah valley as a step or short terrace which widens out at the southern end about 
Katrapali, Durga, and Smgarpur Thus far, it forms a distinct band at the top 
©f the Barakars, but to the eastward, as it rounds into the broader open country 
of Lakanpur and Rampur, brown flaggy beds occur more ebstnbuted through a 
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greater thickness of these strata winch still hold the terraced contour into the 
Baisandar valley A second and lower band, but of purple- and reddish ironstones, 
also noted by Mr Ball as a 14 tessalated ironstone,” occurs in the lower half of 
the Barakars, being well displayed in the Rampur country, and again slightly in 
the Dulunga valley 

The upper acme is, however, both stratigrapbrically and industrially the- most 
important, for it gives a horizon above or below which a great deal can be- sur¬ 
mised as to the conditions of the ooaS-gneasures themselves, or the senes overlying 
them, while it is from these beds that the principal supply of ore is obtained 
for the mm furnaces so common over this belt of terraced laud 

Taking the coal outcrops in order from west to east, the first indeed the 
best exposures are m the Oua or Hmgir river near Dibdorah, where there 
are two outcrops which, as the dip is low, may really be parts of ooo and the 
same seam At any rate, the upper part of this seam, or the uppermost, if there 
be two of them, can hardly be so much as 40 feet below the upper ironstones, 
the interval being of thick-bedded coarse felspsthic free-ston.es The outcrops 
indicate a good thickness of coal and carbonaceous shale, Mr Ball having cut 
through 6 feet of coal in one, while I sunk a pit 12 feet deep in the other without 
reaching the bottom, of which 4 feet was fairly good coal 

The next coal was found by Mr Ball m the Bagdia nala near Lakanpur, the 
top of the seam being alone exposed, it is associated also with thick-bedded 
sandstones just below the upper ironstone hand 

Still further east, m the valley of the Lilian nver, are some four or five out¬ 
crops, the uppermost of which, between the villages of Kalmbahal and Chowdi- 
bahal, occuis close up to the ironstone hand associated with thimsh beds of grey 
and buff sandstone The upper part of the seam, of which I ascertained 4 
feet 6 inches at least of good coal, is well exposed in the bed of the nver Other 
outcrops occur lower down the nver, but it is impossible to say whether they 
are repetitions of the same seam or parts of this and another. Yet further down 
the nver, near Durlipali, there is a very strong seam, over 40 feet of which 
was measured by Mr Ball, it underlies the lower ironstone band, with perhaps 
a small intervening thickness of sandstones 

No more coal is known until the north-eastern edge of the field is reached 
near the deserted village of Dulunga, where, as described by Mr Ball, strong 
outcrops of coal and shale occur in the nver at what I take to be about the same 
horizon as the Durlipali seam I also found traces of a red and purple sub- 
cuboidal concretionary ironstone, 'answering to the ‘ tessalated bed,’ in close proxi¬ 
mity to the coal ontcrops, though its position above or below them is not c!oar_ 
Higher np this large nala and about a couple of miles north-west, are traces of 
carbonaceous shale associated with the upper ironstone band. 

. Thence northwards, the upper ironstone beds are, as usual, easily followed on 
the tolerably well-defined terrace below the steep dopes of the lofty Kurand Garjan 
Timlin into tho Baisandar valley, m the low grounds of which are the farther coal 
outcrops described by Mr Ball These are lying, I believe, m very much tho 
P ft-ma zones of Barakars as are the other outcrops in the eastern, southern, and south¬ 
western edges of tho field, though the thickness of the senes may be greater 
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The only remaining consideration is as to the lie or gisement of the rocks, 
and it will easily be understood, from what has been already said of their occur¬ 
ring so uniformly in. the plateau and round its edges, that this is very easy or 
comparatively fiat and basonal The senes has, on the whole, a general southerly 
elope, the lowest beds of the Barakars being at a higher level on the gneiss 
<of the north and north-east sides of the country than they are to the southward 
and south-west, though the beds nse up towards this latter border and even 
have a sharp undulation m the escarpment of the Dibdorah* valley This easy 
lie has also not been interfered with by any decided system *of faults, 1 but 
it eau hardly he expected that so large au area shall be devoid of some minor 
dislocations, of which, however, 1 have as yot seen no indication 

IL—Division into Boring Areas 

In oonsidenng next the problem of selecting the most likely and convenient 
sites for testing the coal seams by boring, it is necessary to look at the style of 
the outcrops themselves, their position with regard to the line of railway, and 
lastly, the possibility of the lmo itself running over so pierceable a depth of the 
upper sandstones that seams may even be struck at a convenient depth within 
immediate reach of it 

In the first place, under these three heads, the whole field can be divided off 
into sections suitable either for bonng or indeed for future colliery works , thus, 
taking them from west to east — 

I —The Kur River Talley , practically a portion of the line trace, as the rail¬ 
way will enter here on its progress over the plateau from Baigarh 

II —The Oira or Hingir River Valley , in the small Zemmdan of Kodzbuga, 
with coal outcrops 

III — The Bagdia Valley, m the western part of Bampur, with a coal out¬ 
crop, 

IT — The Lilian Valley , m the middle of the Bampur Zemindari, and its 
upper reaches touchmg on the hue of railway 

V — The Dulunga Valley , on the north east edge^of the plateau, in Hmgir, 
with coal outcrops 

VI — The Batsandar and Bazar Valleys, on the north, partly in Hmgir and 
Baigarh, with coal outcrops 

For the first, as being on the railway, I would place it as a favourable section 
for exploration, but that it has as yet Shown po outcrops of coal It is a con¬ 
venient place, all three members of the lower Gondwanas are exposed, and there 
is no esoarpment of the upper sandstones m the tract over which the borings 
would be earned out. My expectation of coal being struck here, at a depth say 
of 200 feet, is baaed on the position and strength of the coal outcrops of Dibdorah, 
a few miles to the south-east On many considerations, however, it is better to 
start an exploration of this kind, if possible, from known outcrops such us are 
exhibited m all the other sections 

1 Ibe long faulted boundary, suggested by Ur Ball aa occurring on tbe eoutb west edge of 
tbe field, even if it bo really a lmo of dislocation, does not affect tbe cual measures in any serious 
way 
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The Chra 1 nver exhibits, 'without doubt, the most promising coal exposures f 
but these he in an extremely narrow and shut-in valley, the escaipment being here 
very steep and 175 feet in height, whence it would be very troublesome to 
deliver the coal to the railway On the other hand, borings might be put down 
on the plateau withm a few miles of the railway, though these would have to be 
run down perhaps 200 feet before reaching coal 

The Bagdia or Lakanpur valley may for the present be left out of considera¬ 
tion, even though A show a coal outcrop It forms an indented bay of low country, 
shut off to the itorth from communication with the line of rail by steep slopes of 
200 feet-m height, there being besides an interval of difficult country m the plateau 
above The coal outcrop, as far as it shows, is not promising. 

The Lilian section, as already stated, is strong in outcrops, none of which are 
known to contain snch a thickness of actual coal as the Dibdoiah exposure This 
nver rises in the plateau some 6 or 7 miles south-south-east of Hmgir, and for part 
of its higlier course flows close alongside the railway trace in the neighbourhood 
of the proposed Hmgir Road Station The northernmost or uppor outcrop is only 
about 4 or 5 miles south-south-east of this station, while there is no difficulty of 
approach, the valley being quite open and without any transverse ridge or eBcaip- 
xnent as is the case m the other parts of the field 

The Dulunga section lies about the same distance due north of this railway sta¬ 
tion , but a difficult and hilly country having more or less of an escarpment inter¬ 
venes The Baisandar and Pazar areas aTe even more distant and difficult of 
access 

My examination thus leads practically to the conclusion that the Oira and Lil¬ 
ian sections possess on the whole -the -more favourable conditions for preliminary 
trial But, whon comparing them as to style of outcrop, position with regard to 
the railway, and the possibility of sinking coal at a reasonable depth, there seems 
little doubt that the latter offers the host combination of these attributes. 

* (a) —The Lilian Valley Tract 

The Lilian, from the neighbourhood of tho Hmgir Road Station to its con¬ 
fluence with the lb, runs very much in a lino at nght angles to the rather varying 
strike of the rocks Thus, m the npper part of its mam coarse, it runs from 
north-north west to south south-east for 8 miles, when the strata are at first hori¬ 
zontal or nearly so, or with a dip of 5° north-north-west Gradually, this dip may 
range somewhat higher as lower and lower beds of sandstone, coal, or shale are 
passed over, though from the fourth of these 8 miles there are strong indi¬ 
cations ef undulation Then, as the nver bends round to the eastward near 
Ghanamal and Durlipali, the strike of the beds is more south-west—north-east 
with a rather higher dip never exceeding 10° It is thus no easy matter to estimate 
the probable thickness of the coal-measures, which really occupy an expanded strip 
of outcrop fully 5 miles m width- Calculating, however, on the varying dip and 
the strong indications of rolling in the middle portion, as well as on a comparison 

l In the 4-inch map t u called tbs Hmgir Nala in Its upper reach, and the Jnngwos 
waq r its confluence with the Mahanadl, built is also marked Oira In the 1-inch topographical map 
and the people give it this name 
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i of the exposures here with those to the south-west and north-east, I do not think 
therefcan he much more than 400 feet from the top of the brown ironstone band 
at Chowdibahal to the bottom of the Durlipah jseam 

Chowdibahal is only about 4 miles south-west of the Hingn Road Station, 
being situated on more or less flat beds of the Barakars, which are succeeded, as 
the river is followed upwards, by the red-clay band of the upper sandstones The 
railway station itself will be on the middle sandstones of this senes, but they are 
very thm, since the red-clay band rises up from under therewith a southerly dip, 
at only about a mile to the north-east near the village of Tangpdhi 

The uppermost ooal crops out in the nver bed about a quarter of a mile below 
Chowdibahal, and the lowest also shows very strongly m the nver close to the 
Village of Durlipah. Thus the Barakars themselves can he tried by boring in two 
ways • either by testing the seams from below upwards beginning on the sandstones 
above the Dnrlipali seam and going north, or by starting at Chowdibahal 

The Durlipah seam is over 40 feet thick, but it is mainly made up of car¬ 
bonaceous and grey shales with some thm layers of coal, the best of them being 
only 1' to 2', 6* thick Of course there may be a great improvement m them to 
the deep, but this is really all that can be said I have, however, marked down 
several sites along the strike, in the sandstones above the seam, in the low hilly 
country on the left bank of the nver, between the villages of Ghanamal (on the 
nght bank), Judiboga (wrongly marked Jamkani on the topographical survey 
map), and Sumra Should the borings at those places give good coal, the railway 
might then be supplied from a distance of 8 or 9 miles, they would, I think, 
har dly ever run beyond 200 feet, while they ought, on the Judiboga stnke, to touch 
the ooal at much lesser depths 

On the other hand, the Kuliabahal-Chowdibahal outcrop gives at least 4? feet 
of fairly good coal, which may also go on improving to the deep The slight dip 
would fetch the coal, if of fair lateral extent, within easy reach of the Hmgir Road 
Station Besides, a not unimportant feature beanng on the possible thickness and 
quality of this seam, or of perhaps another not far below it, must not lost sight 
of, namely, fh**. its position just below the ironstone band agrees with that of the 
Dibdorab and Lakanpur outcrops It is perhaps scarcely to be hoped that these 
three widely separated exposures can be parts of one and the same seam, but they 
certainly appear to be on somewhat the same horizon which so far exhibits coal at 
ether points also round the edge of the field 

A deep boring at this place would at once tell a great deal of the proper coal- 
bearing capabilities of the Barakars, as well as whether it would be worth while 
Continuing the search here, and it might even touch the lower seam. Preferring, 
therefore, to depend in the commencement on such a crucial boring as this deep 
one promises to be, I am radneed to advise breaking ground at Chowdibahal, and 
to this end some twelve Bites have been marked in this neighbourhood within an 
area of about two square miles which can be taken seriatim according as the 
results abn.1l radicate At the same time, it is quite possible—nay, even probable— 
that there may be no necessity for carrying this boring to any considerable depth, 
as the upper «>«*» which ought to be struck within 100 feet may be so promising 
that exploration shall remain in it for some time at least 
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Tho accompanying outline map has been prepared from that of the Topo¬ 
graphical Survey, hill features being left out, and a few alterations have been 
introduced from the railway map on the same scale The approximate positions 
of a few villages, not given m the topographical map, are shown and the names 
of others corrocted Only a few of the bonng sites are here laid down. 


Note on Lignite near Raipur, Central Provinces, by Pramatha Nath Boss, 
B Sc (Lond ), F G- S , Geological Survey of India 

The lignite which forms the subject of this note was found m the bed of tho 
Karun 1 river, 8 miles south-west of Rdipur, the capital of the Chhattisghar 
division of the Central Provinces, within the boundary of the village of Bhdta- 
gdon When I visited the place (about the end of April) the water there was 
about a foot and a half deep The bank of the river on the Bhat&gaon side is 
some 15 feet high, and consists of a light-coloured loam The bed is sandy, and 
the lignite occurs below the sand as logs in a blackish, rather stiff, alluvial (day, 
impregnated with peaty matter The logs are black, and show woody structure 
perfectly well. Their length and thickness are variable, those I obtained had a 
maximum diameter of six inches During the rams when a strong current has 
removed the overlying sand, these logs aro, I was told, well exposed They 
are then taken out by the people of Bhdtdgaon, stealthily it seems, for, though 
the villagers must have removed many cart-loads of the substance within the last 
ten or twelve years, and though its utility as fuel m a treeless country like Raipur 
is beyond question, not a breath had reached the offioial ear, and Bhatagaon 
is only a quarter of an hour’s nde from Rdipur 

From the amount reported to have been extracted by the people of Bhdtagdon, 
and from the facility with which log after log was thrown up in my presence, I 
was satisfied that the lignite occars in some quantity at the place I cannot be 
very sanguine, however, considering that the alluvial deposits m which it occurs 
are confined to the immediate vicinity of the nvor and are not likely to be more 
than 30 feet in thickness (from the surface), if even so much, the Vindhyan lime¬ 
stone cropping ont in all directions except the south, even in the bed of the 
nver almost within sight of the place where the lignite occurs On the other 
hand, I was informed that lignite had been found two years ago m tbe bed of a 
streamlet which marks off the boundary of tbe village of Khurmurd from 
that of Ghngwd, dose to its junctiop. with the Karan. I went to the spot The 
water hero was no deeper than at Bhdtdgdon, but my search was fruitless 
From the evidence before me, however, I saw no reason to impugn the veracity 
of my. informants I also heard of a similar find at Jumrao, two miles and a 
half south of the spot where lignite was dug out at Bhdtdgdon If this statement 
stands verification, and I think it will, the extent of the lignite would be by no 
means inconsiderable 

Owing to tbe presence of water I could not get at any exposure which would 
enable one to come to any conclusions worth recording about the origin of the 

1 Sjpelt ” Homan ” in the Revenue Survey Map The nver is also known as M Kumen " 
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lignite, its exact mode of occurrence, and other allied questions The specimens 
of lignite I got all belong to Dicotyledonous land plants, of whieh the jungles 
enclosing the plain of Chhattisghar are still almost exclusively made up. In the 
peaty matter associated with the lignite mentioned before were some leaves fairly 
enough preserved for identification Unfortunately, those I brought away have 


been hopelessly crushed When more specimens are 

obtained, exact specific 

determination would be an easy task 



The following are the results of the analyses of two 

specimens made by Mr. 

Hira Lai, of the Geological Survey —■ 




No, 1 

No 2. 

Moisture 

2176 

1164 

Volatile matter (exclusive of moisture) 

4484 

62 36 

Fixed carbon 

2830 

20*00 

Ash 

610 

600 


10000 

100 00 


The excessive moisture m specimen No 1 is probably accounted for by the 
fact that it was exposed to tho atmosphere of the laboratory for 48 hours after it 
had been dried in a water bath No 2 was not so dried, but was sufficiently 
dry for analysis The lignite was found to cake, and the ash is brownish 

The results indicate a fuel certainly poorer than coal But the proportion of 
fixed carbon is higher than in ordinary peat, and the heating power consequent¬ 
ly greater Its economic importance cannot be exaggerated For some 38 
miles round R&ipur there is not a bit of jungle to be seen anywhere Wood is 
consequently extremely dear 1 A cheaper substitute, such as the lignite pi onuses 
to be, would be highly welcome 

I came to know about the lignite in the fag end of the last season, after I 
had packed and stored my tents away, and made all arrangements for leaving 
Rdipnr * Next season I propose to resume work there, and have a closer search 
I would recommend diggings on a small scale at Bhatdg&on, Ghugwd, and Jumr&o 
The oo-oporation of an engineer will probably be required But I have no doubt 
the enlightened officers of the district will cordially help in the matter 

Besides the economical importance of the subject, the scientific interest 
attaching to it is very great The whole district of R&ipur has been land ever 
since the Vmdhyan period For ages past, therefore, it must have supported 
vegetable and animal life to a greater or lesser extent But the conditions for 
the safe preservation of terrestrial life are so very hard, that one might hunt 
the whole country from one end of it to the other, without coming upon any but 
the barest remains belonging to the animals or tho plants, which, geologically 
Speaking, lived but yesterday. Any localities, therefore, which, like Bhatdgdon, 
promise us materials, howevex scanty, for tho histoiy of the terrestrial fauna and 
flora, should* be thoroughly and carefully searched, especially as the life-history of 
the entire district is a great blank, tho Vmdhyan sandstones and limestones 
having nowhere yielded a trace of a fossil yet 

1 Firewood sells at BAipur at 10 to 12 annas per maund 

3 I am indebted for the information to Messrs J N Sircar, Bamator at law, and D Sinclair, 
proprietor of BMtfigdon. 



132 


Records of ihe Geological Survey of India [vgl xvii. 

The Turquoise Mines of Nr&h&pflr, Ehorasaair, 1 By A Howiuir Schindlbr, 

General, Persian Service. 

Geographical —Tho mine* known as the “KisMpAr Turquoise Mines’* are 

situated in the B&r-i-Maden, a district of tie Nish&pAr prcmnoe* about 4i 0 miles 

north-east of Sabzv&r, and 32 mules north-west of Nish&pdr The principal place 

of the B4r-i-Mad8n district is the village Mad&n, which consist of two villages,, 

the Kale-i-bfil& and the Kale-i-pain, with a population of about 1,200 souls The 

Kale-i-b&lA lies 5,100 feet above the level of the sea m latitude 36? 28! 11* north* 

and longitude 58^ 20' west of Greenwich. A few smaller villages, there called 

“ kel&tehs,” belong to the Maddn village, and oontam about 30Q inhabitants^ The 

total population of the Maddn villages was on 1st July, 1882,1,501 Twelve 

other large and several smaller villages belong to the Bar-i-Maden district r of 

these it is, however, not necessary to speak any farther The Maden village and) 

the territory belonging to it cover about 40 square miles of ground MoBt of this 

is situated in a wide open valley, which, as it has no particular name, I shall 

call the Mad&n valley This valley, running in am east-west direction, is 

bounded on the north by the turcfuoise mountains, and on the south by the Batau 

mountains, on Ihe east are some low hills separating it from the NiaMpdr plain, 

en the west the ground falls gently towards the Jowein plain The thalweg of 

the Maden valley is formed by the K&l-i-Mans&rah (T&l means river in Khoras- 

Ban, or rather a nver-bed), which rarely hae any water, and flows nearly due 

west towards the Jowein plain, it reaches the Jowein plain after receiving several 

streams from the north, flows through the plain, and then curve* southwards. 

* 

* Communicated, from tbe Foreign Department, through tbe Sevenu» am? Agricultural Depart¬ 
ment, Government of India. 

So little definite information concerning the occurrence of tbe Turquoise has hitherto been* 
available that the above paper, even though it baa bnt an indirect RSBOuutton with Indian geology, 
eomee a* a very welcome contribution to the history of precious stones All authorities on thia 
study give this very locality as being almost the only one whence the stone has been procured in 
its most perfect condition of colour, but Silesia, Oelsmtz fo Saxony, and tbe valley of the <i^ | na 
teo, south east of Santa FS m Europe, Thibet, and China, are given by various writers as pioducmg 
stones of inferior quality A form of very fine but not lasting colour Is also found near Mount 
Sinai in Arabia Petraa. 

In the Manual of the Geology of India, Part III, there Is the following notice i “ The hydrous- 
aluminum phosphate, or calaite, otherwise known as Turquoise, may be mentioned here, though 
He occurrence to India is doubtful Mr Prmsep (Jburn As. Soc Bengal, Vol IV, p 884), from, 
the presence of certain blue streaks in ihe copper ores of Rajauri to Ajmir, suggested Gw possibili¬ 
ty of turquoise being found there Subsequently Dr Irvine (Topography of Ajjmir, p 188) stated 
Gut it was reported tube found m tbe Apnir hills and at Baagorh in the Sbakhwati country and 
waa used for rings, but It seeina possible that this was really a variety of blue copper which. 
Prinaep called a turquoise copper ore There has been no reoeut recorded discovery of turquoise to 
this region.” 

"The principle known turquoise manes in the world are at A osar, new Nirthpdr in ffhoxasMa 
in Persia, to whieh Tavernier alluded under the name of Michebeurg ” 

By the way, tbe latter name is here poseibty a misprint, for Tavernier’s account is thus given 
to Dieulafaits’ **ZHamondt and Precious 8to*e$” p 141 *The wine of turquoise which fur¬ 

nishes the wort beautiful atoucs is three days* )ounwy item Meshed, taming to the north-west after 
passing the hu®e town of NUliabourg “ 


W. K. 
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♦ • 
cutting the highroad between SMhrfid and Meshed a little east of Abbis&b&d. 
It is Aere passed by the Pul-i-Abrishun (Budge of Silk), famous in former 
years for the Turkomans, who there, or in its immediate vicinity, attacked more 
caravans than anywhere else on the Meshed road 

Geological -—The mountains of the district consist of nummulitic limestones 
and sandstones lying on clay-slates, and inclosing immense beds of gypsum and 
rock-salt The slates nse in the Batau mountain, whose peaks they form, to the 
absolute height of 6,400 feet, 1,860 feet above the thalweg of the Maden valley 
The limestones nse m the Si-sar peak, 1 miles east of the K0e-i-bal&, to an ab¬ 
solute height of 5,900 feet The stratified rogks are, on the north of the valley, 
broken through by porphynes and greenstone*!', and in consequence greatly meta¬ 
morphosed, and the turquoise bearing ridge consists entirely of porphynes, green¬ 
stones, and metamorphosed limostones and sandstones This ndge nses to an 
absolute height of 6,655 feet The turquoises form veins in the metamorphosed 
strata, which have partly lost their original stratification, and contain minute 
pieces of free silica Tho gonoral direction of the turquoise veins is N 70° 
K —S 70° W , the same as that of the stuko of the stratified rocks The highest 
spot at which turquoises have been found lies 5,800 feet above tho leve 1 of the 
sea, the lowest spot 4,800 feet 

Olimate —Tho climate is very salubrious The greatest heat does not exceed 
82° to 83° F , the gieatest cold is very seldom 40° F below freezing point The 
winter of 1882-83 was exceptionally cold at tho mines, the same as all over the 
north of Persia Wheat and barley, and mulberry-trees glow well at an absolute 
height of 5,000 to 5,300 feot Asafootida and fig-trees, the latter hearing no fruit, 
grow on the mountain slopes to a height of 6,000 feet Tho raimall slightly ex¬ 
ceeds that of the greater part of Khorassan A strong north wind blows almost 
continually, and keeps the air very pure Some years ago, when most of the 
villages of the district were ravaged by the plague, and two years ago, when 
there was an epidemic of diphtheria in the neighbourhood, the Madon village 
remained free of sickness # 

Inhabitants and produce —The inhabitants of the Maden village are entirely 
occupied with the obtaining, cutting, and selling of turquoises Agriculture is 
there very much neglected Water is not plentiful, but certainly enough for the 
sowing of 100 to 150 kharvars of grain , as it is, only 10 to 15 kharvars are sown, 
and the harvest hardly ever produces more than 100 kharvars The villages in 
the immediate neighbourhood with the same kind of ground and soil, and almost 
the same climate, have many “ deimi ” fields (fields watered by rain only) , the 
Mad&n village has none Some families occupy themselves with the rearing of 
silkworms, and produce about 320 lbs of silk per annum Poppy had been sown 
m a garden in 1881, bnt was found to contain very little opium , and the people 
have since -then abstained from poppy cultivation Nearly all the male inhabit¬ 
ants of the Maden village are inveterate opium smokers, and many women have 
also acquired that vice The gam of turquoises has made the people careless of 
anything else, there are, however, very few of the inhabitants who possess any¬ 
thing worth speaking of A good turquoise is found, and the money obtained by 
its sale is spent at once, one can often see at the mines xfien who yeai ly pay 60 

x 
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tomans to the Government, and who gam quite 150 tomans besides, having 
nothing to cat 

Mines of the district —The mines belonging to the Mad&n village are (1) the 
turquoise mines, (2) a salt mine, (3) a lead mine, (4) a millstone quarry 
1 shall speak separately of each 

1 Turquoise mines —The turquoise mines are of two kinds (a) the mines 
pioper, shafts and galleries m the rooks, and (6) the KMki mines, diggings m the 
detritus of disintegrated rocks washed down towards the plain 
(a) The mineS proper 

The most easterly, and accordipg to all accounts the oldest mine is the Abdur- 
rezz&gt, which was formerly called the AM Ish&gi, and is with that name men¬ 
tioned m old books Its mouth is at the absolute height of 5,900 feet, it is a 
very extensive mine and has a depth of about 160 feet vertical from its mouth 
For the last few years very few turquoises have been obtained from this mine, 
but its turquoises are esteemed more than those of other mines Close to this 
mine, and in the same valley, are the Surkh, Sh&perd&r and Aghali mines, which 
are at present neglected A little to the west of the Abdurrezz&gi valley is the 
“ Derreh-i-Safid,” the white valley, with the old mines M&leki, the upper and 
lower Z&td and the M!rz& Ahmed! The former three are immense mines, but 
almost entirely filled up In the lower Z&ki, now a vertical shaft of 60 feet in 
depth, and about 250 feet m circumference, one can plainly see how $he mines 
have got to their present ruined state It is apparent that the mines were former¬ 
ly well directed Vertical shafts were cut into the rock for lighting and ventilat¬ 
ing the mine, while the entrance of the mmo was by lateral galleries driven m on 
the slopes of the mountains I think it very probable that the zmnos were, as 
late as the first quarter of the last century, worked by the Government The 
miTiftH were then, when the Sef&vieh dynasty came to an end, neglected and left 
to the people of the village, or perhaps, as now, farmed to them The farmers 
thought only of getting a quick return for their money and cut away the rock 
wherever 'chey saw any turquoises, exactly as they do at the present day The 
result was that the supporting pillars and the rock between the different shafts 
were cut away, and that the roof, so to say, of the whole mine, fell down, filling 
it up The three above-mentioned mines have been filled up like this One can 
form an estimate of the original depth of the Z&ld mine from its present depth, 
which is only to the surface of the, formerly, superincumbent roof, and from a 
shaft or burrow dug into the rubbish of the old mine This burrow begins 
where the fallen-down roof begins* at a depth of 60 feet from the mouth of the 
nima and goes down about another 60 feet vertical At the end of this burrow, 
120 feet below the mouth of the mine, there are still no signs of the original old 
mine Several attempts have been made to clear this mine, but no one up to 
now has had either the will to provide the necessary funds or the patience to wait 
for the completion of the work The turquoises of the “ white valley ” are also 
very good, not so good, however, as those of the Abdurrezz&gi Many turquoises, 
generally small, are found m the rubbish of the old mines, they are much prized 
for their good colour. The mouth of the Mirza Ahmed! mine, which was proba¬ 
bly once a pait of the Zaki mines, lies about 80 feet lower than that of the Z&ki 
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mine, and goes dorm 80 feet vertical It also has very good turquoises, but 
workulg in it is very precarious on account of the had state of the galleries and 
the amount of loose rubbish they contain 

The next valley is the Derreh-i-Dar-i- Kfih In it are several important mines, 
the Kerbel&i Kerimi, the Dar-i-Kfih, and others. The Dar-i-Kfih mine is very 
deep, going down about 150 feet vertical It is an old and very extensive mine, 
and some of its galleries continue as far as the Z&kl mine, it is very dangerous 
on account of the rubbish it contains, the rubbish is badly propped up by stones 
and small sticks, and several labourers have at times been bgped in it One of 
its galleries called the D&neki goes for about ipO feet through rubbish, the width 
of this gallery is 1 to 2 feet, its height not more, and the descent down it is very 
dangerous Only three or four of the miners have the courage to go into this 
gallery Some galleries of this mine are completely filled up, and can only be 
cleared at great expense and with difficulty Above the mine can be seen many 
shafts which formerly lighted and ventilated the mine, but are now filled up 
All the mines in the Dar-i-Kdh valley arc worked and contain good turquoises 
Further west is the “ Derreh-i-Siyah,” the black valley with the old All 
Mirzai (a contraction of All Murteza) and the Reish mines The Ah Mirz&i, 
particularly the lower one of that name, is very dangerous The rock is very 
soft and much disintegrated, often falls and fills up the mine A part of this 
mine is called the “ Bi-r&h-rd," the shaft |“ without a road ", to go down into 
it is very difficult The turquoises of the All Mirz&i are not veiy good, their 
colour soon fades 

On the top of the Reish mine, in the same valley, a vein of turquoises was 
discovered a year or two ago, and a new mine was opened there with the name 
of “ Sar-i-Reish ” (the head of the Reish) In it are found turquoises of fine 
colour and of great size, but the colour soon fades and the turquoise becomes a 
dirty green with white and grey spots As long as these turquoises are kept 
damp they preserve their colour, if once they get dry they are worth very little 
A turquoise as large as a walnut and of a fine colour was found in thjs mine last 
year, it was, against my advice, or rather I was not asked, presented to His 
Majesty the Shah, after it had been two days with His Majesty it became green 
and whitish, and was found to be worth nothing 

The next valley called the “ Derreh-i-Sabz,” the green valley, contains the 
old Ardel&ni and Sabz mines and the new Anjin mines The Ardel&ni was once 
a very great mine, more than twelve old shafts, now all filled up, are still to be 
seen, its present entrance is by a large artificial cave with a dome-like roof, it 
has a vertical depth of 85 feet and is very badly ventilated, having several gal¬ 
leries with foul air Such gallenes are called “ chir&gh-kush,” x e , lamp extin¬ 
guishers The Ardel&ni turquoises are not good A “ Jow&her nameh " (book 
on jewels), written dunng the seventeenth century, mentions that the turquoises 
of the most inferior quality were obtained from the Ardel&ni 

The Sabz mine has, as its name implies, green turquoises and is at present 
filled up The Anjiri mines, which have their name from some fig-trees growing 
m the valley (Anjir=fig), are new mines They produced dunng the last few 
years a very great quantity of turquoises which had a find colour and were sold 
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well The colour of those turquoises, however, soon faded, and the possessors 
of these turquoises are now far from satisfiod with their purchases I believe 
that the great fall in the pnce of turquoises m Europe is mainly due to the many 
stones of these, as well of the Sar-i-Reish mines These stones were sent to 
Europe and kept moist m earthenware pots till they were sold Out of the damp 
they lost colour, and in a year or two they became quite white European jewellers 
have at present no confidence in turquoises, and buy only at very low prices 

The next and last, also the most westerly valley, is the one with the Kemeri 
mine This mine is full of water at present, and the several attempts made to 
empty it have failed, it has somd thick veins of turquoises, but the stones are of 
no use for rings, being generally worked into amulets, brooches, seals, &c 

A little to the south of the All Mirz&i mine lies the Khurfij mine, very exten¬ 
sive, but partly filled up, it had, some sixty years ago, very good turquoises, and 
is at present not worked There are many more mines with names, perhaps a 
hundred, and more than a hundred nameless ones, but they are either parts of 
those 1 have enumerated, or unimportant Work m these mines is earned on by 
means of picks and crowbars, and gunpowder Blasting with gunpowder has 
come m vogue only within the last thirty years, formerly all the work was done 
by pioks, and much better the picks extracted the turquoises entire, the gun¬ 
powder does more work, but breaks the stones into small pieces 

(6) The Khaki mines are diggings ip the detntus and rubbish collected at 
the foot of the above-mentioned mines, and m the alluvial soil, consisting of the 
detntus of the rocks, and extending from the foot of the mountain a mile or two 
down to the plain The finest turquoises are at present found in the Kh&ki 
mines,—in fact, good nngstones are at present obtained only from the Kh&ki 
Work here is earned on by promiscuous diggings, without any system whatever 
The earth is brought to the surface, sifted, and searched for turquoises, the latter 
work ib generally done by children The fine turquoise presented by the Gavan- 
ed-Dowleh to the Shah, valued at 2,0002, as well as many other fine ones, were 
found m the Kh&ki 

2 The salt mine —The salt mine is situated about 6 miles east of the Mad&n 
village, near the little hamlet Garaghilchi The salt consists of an immense bed 
of rock salt inclosed by gypsum and nummuhtic limestone The salt is very 
white and clear, in many parts quite as transparent as glass I have seen docu¬ 
ments relating to this mine dated 1780 

3 Lead mine —The lead mine lies about 6 miles south of the Maden village 
m the Batau mountain (which £as its name from the village Batau, lying on its 
southern slopes, in the T&ghun Kfih district) The lead occurs in irregular 
veins, striking N 40° E —S 40° W, in slates underlying limestones The 

is not an important one, and has not been woiked for many years,—in fact, not 
since the accession of the present Shah As soon as the news of Muhammed 
Shah’s demise reached Khorassan, the Araarld Kurds revolted, and took posses¬ 
sion of the turquoise mines The inhabitants of the Madfin village fied to the 
Batau mountain, and worked the lead mine for a few months, till order whs 
restored, and the Kurds left the turquoise mines The mine has since then been 
neglected 



fart 8 ] Schindler Turquoise Mines of Nish&pfir, Khorassan 137 

Millstone quarry —The millstone quarry lies about 4 miles south of the MadSn 
village, on the northern slope of the Batau mountain. The stones are cut out 
of a rough sandstone, or quartzose grit, lying under the sandstone of the nummu- 
htic formation About twenty or thirty pairs of stones are obtained per annum 
and sold at 6 tomans a pair 

Revenue and arrangement of rent —The Persian Government received up to 
21st March, 1882, on account of these four mines, the sum of 8,000 tomans pei 
annum Either the inhabitants of the Mad&n village paid'this sum themselves, 
an<$ worked the mines at their own nsk, or some person farmed the mines from the 
Government for the same sum, retained one or two mines for his exclusive benefit, 
worked one or two others m partnership with some of the villagers, and sublet 
the remainder for 5,000 or 6,000 tomans per annum to the villagers The vil¬ 
lagers generally paid what had been agreed upon m turquoises, and they could 
sell tho turquoises they obtained how and where they liked The money which 
they had to pay was divided at tne rate of 60 tomans “ a head ” among the 
rayots, some rayots, according to their means, number of children, &c, paying a 
whole head, others seven-eighths, three-fourths, &o , to one-quarter of a head, or 
15 tomans a yoar The Kedkhodas, of which there were five, paid nothing, and 
fixed the amount each rayot had to pay Some Syeds, two or three Mullas, the 
barbers, and some of the relatives or friends of the Kedkhodas were also exempted 
The barkers of the district possess Firmans of the Sef4vteh monarohs, exempt¬ 
ing them from taxes in perpetuity I saw Firmans of Shah T4masp dated 
A H 1038, of Shah Abbas dated 1062, and of Shah Sultan Hussein dated 1091 

The salt mine was given to the Syeds of the village, m lieu of 250 tomans 
pension dunng Kerim Khan’s reign, the Syeds later sold their nght to the salt 
mine for about 2,000 tomans to some of the villagers, who since then call the 
mine their private property In the Government accounts, however, the mine 
still figures as Crown property, at a yearly rent of 250 tomans, and this sum is 
included m the 8,000 tomans which the Government receives from the turquoise 
mine and its villages From the 21st March, 1882, His Majesty the* Shah gave 
tho turquoiso mines, and the thereto-belonging district, to the Mukhber-ed- 
JDowleh for a period of fifteen years, and the Mukhber-ed-Dowleh agreed to pay 
9,000 tomans the first year, and 18,000 tomans for the remaining fourteen years 

Classification of turquoises —The turquoises are at the mines first divided m 
three classes or kinds (1) Angushtari, (2) Barkh&neh, (3) Arab! 

1 All turquoises of good and “ fast ” colour and favourable shape are classed 
with the Angushtari stones (ring stones) *They are sold by the piece It is 
impossible to fix any pnee or classify them according to different qualities I 
have not yet seen two stones alike A stone two-thirds of an inch in length, two- 
fifths of an inch m width, and about half an inch m thickness, cut “ peikani ” 
shape, was Valued at Meshed 300Z , another of about the same size, shape, and 
cut was valued at only 80 1 Turquoises of the size of a pea are sometimes sold 
for SI The colour pnzed most is the deep blue of the sky A small speck of a 
lighter colour, which only connoisseurs can distinguish, or an almost unappre- 
enable tinge of green, decreases the value considerably Then there is that un- 
definable property of a good turquoiBe the “ zat,” something like the “ water ” of 
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a diamond Or the lustre of a pearl, a fine coloured turquoise without the “z&t” 
is not worth much A deep colour, almost an indigo-like blue, is called “ lalkh ” 
latter, and decreases the value of the stone The best Angushtari stones are 
found in the Khaki diggings, and in the Abdurrezzfigt mine 

2 The barkhaneh stones are generally divided into four qualities and are sold 
by weight The first quality costs at the mines 1,500 to 1,600 tomans per Tabriz 
mann, equal to about 901 per lb The fourth quality is worth 70 to 80 tomans per 
mann Only the first and part of the second quality are sent to Europe, the others 
are sold m the country to Persian jewellers and goldsmiths, particularly at Meshed, 
and are employed for encrusting .Persian articles of jewellery, amulets, dagger 
and sword hilts and sheaths, horse trappings, pipeheads, &c One can at Meshed 
buy small cut turquoises of the third quality at the rate of 2 s to 3s per 1,000 
Many of the barkhaneh turquoises sent to Europe are employed by the European 
jewellers for rings, but the mere fact of the miners themselves not classing them 
with the Angushtari stones proves that they are not of the first quality 

3 Arabi turquoises —All stones not belonging to the first two kinds are 
called Arab! Their name is of recent origin, and was first adopted by the people 
at the mines for bad and m Persia unsaleable stones Some of the miners when 
on a pilgrimage to Mekka had taken with them a quantity of bad turquoises and 
had sold them well to the Arabs Since then any pale-coloured or greenish and 
spotted turquoise is called Arab! The whitisH turquoises of this kind are called 
shirbftmi, or shtrf&m, and round pieces with a white crust are called cLagMleh 
Many of the so-called Arabi turquoises are, however, bought by Persians, and 
some also go to Europe The large fiat pieces and slabs used for amulets, 
broodies, belt buckles, &c , at the mines called tfifal, are now classed with the 
Arabi stones, although some of them are very much esteemed pieces of 2 inches 
in length, 1 in width, and £ in thickness, being sometimes valued at 10 tomans 
Stones of a greenish colour, called Ghil-i-Kasm (chicory) are bought principally 
by Afghans I have seen about 12 lbs m weight of pale-coloured, uncut, t&f&l 
stones, sold at the mines for 180 tomans 

Sale of turquoises —About 200 men of the village work in the mines and m 
the Kh&ki diggings, and twenty-five or thirty, the Rish-i-Safids, Elders of the 
village, buy the turquoises and sell them to merchants and jewellers, either at 
Meshed or at the mines The original finders of the turquoises do not gam 
much, a man who works in the mines gams on an average 5 krans per diem m 
turquoises Work in the mines is difficult, but sure, a miner never returns 
empty-handed In the diggings the work is comparatively easy, but the finding 
of a turquoise is a matter of ohance It often happens that a miner, after work¬ 
ing hard for a few months in the mines, and having saved a few tomans, tries 
his chance at the diggings, works there finding nothing till his money is finished, 
sells and pawns his goods and chattels, still finds nothing, and finally, to keep 
starvation out of the doors, has to return to the mines Good workmen never go 
to the Kh&ki diggings, but send their children there Of the 200 miners at the 
village, quite 130 work in the mines, the old and the weak, or those who possess 
a little property and are m no want of a certain doily gain, and the lazy, work 
m the KMki During the summer months many strangers come to the mines 



part 8 ] Schindler Turquoise Mines of Nishapfir, Khorassan 189 

and try their chance at the diggings The Rish-i-Saftds generally buy the tur¬ 
quoises direct from the workmen, and then sell them to the merchants at Meshed 
or to “ dell&ls ” (commission agents) who visit the mines The first profit on all 
turquoises is never less than 10 per cent, generally amounts to 20 per cent 
That is, one of the Rlsh-i-Safids buys turquoises for 10 tomans from a miner or 
from different miners and sells them to a “ dell&l ” for 12 tomana The “ dellAl ” 
goes to Meshed and sells them to the dealers for 14 or 15 tomans The dealer 
sorts them, sells some of them m the country and sends the remainder to Europe, 
generally to Moscow, where they are sold by special “ dell&ls ”*to the European 
dealers It may be calculated that turquoisea bought for 10 tomans at the mines 
are sold for 25 tomans in Europe It is strange that European dealers have up 
to now not thought it worth their while to send their own agents to the mines 
The miners themselves rarely cut their turquoises, and they therefore seldom 
know if they have found any good stones or not The Rish-i-Safid, who is the 
first buyer, however, often half cuts the turquoises, and is then enabled to sort 
them The Angushtari turquoises are then put aside and sold singly, and 
enormous profits are often made 

The above-mentioned 3002 Meshed turquoise was bought from the findei by 
one of the Rish-i-Safids for 32 , the latter sold it still uncut at Meshed for 38 1 
As soon as it was cut, its true value became apparent, and it was sent to Pans, 
where it,was valued at 600Z The second purchaser, however, received only 
3402 for it, the difference was gamed by the agents 

The annual output of the mines, mountains, and diggings, averaged for the 
lost few years 25,000 tomans’ worth of turquoises, valued at the mines The 
final purchasers probably pay three times this amount 

Cutting turquoises, fyc —The turquoises are now generally cut by wheels made 
of a composition of emery and gum The emery is brought from Badakhshan, 
the gum from India. The cutter drives tho wheel with his nght hand by means of 
a stick and a piece of string, which latter is twisted round tho axle of the wheel, 
he holds the stone with his left hand against the wheel, the thumb and one 
finger holding the stone being pxotected by rags, leather, or flat pieces of wood 
Wheels have not been m use long, perhaps only thirty years Formerly all tur¬ 
quoises were cut on slabs of sandstone The turquoise was held by a slit in a 
pieco of wood, and was rapidly rubbed up and down the stone Even now many 
stones are cut in this manner Very small stones are seldom ever cut on the 
wheel, but always on the sandstone After the turquoises have been cut, they 
are polished by being rubbed, first on a slalf of very fine grained sandstone 
(“ masgal”), and then on a piece of soft leather with turquoise dust which has 
been collected from the wheels This polishing process is called “jel& d&dan ” 
The pay of a turquoise cutter at the mines or at Meshed is 1 to 2 krans per 
diem, the flutter providing wheel and other necessaries A cutter on stone 
receives never more than 1 kran per diem The final polishing is generally done 
by children, who receive one-third to one-half kran per diem One man can cut 
a handful of turquoises a day, one polisher suffices for three cutters Turquoises 
are cut m various shapes The shape depends on the size and original shape of 
tho stone, as well as on its qqality The two piincipal shapes are the “ peikani ” 
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and the “ nmssatah,”—that is, the conical and the fiat The less the cone is trun¬ 
cated, the more the turquoise is prized, and again a conical turquoise tfith an 
elliptical base is worth more than one with a circular base Turquoises not 
possessing sufficient thickness for the “ peik&ni ” cut, and being thicker than 
necessary for the flat cut, are cut en cabochon, and the higher the convex surface 
the more the value of the turquoise Only veiy fine and deep-coloured turquoises 
are cut in the “ peik&nl ” shape, the apex of a bad aud pale-coloured turquoiBe 
would, if cut “ peiktnl ” shape, appear almost white The slabs of the Arabl 
quality are generally cut plane, seldom with a convex surface Smaller stones 
are employed fox seals, larger gtqpes for amulets, &c The larger stones are 
never free of flaws, and seldom have a good colour, but the jewellers very cleverly 
hide the flaws with a scroll-work of gold, or if there be any characters engraved 
on the stone, they manage to place the letters, and particularly the diacritical 
points, just over the flaws I have seen sold at tho mines a slab 2 inches in 
length for 25 krans, it had in parts a very beautiful colour, but the greater part 
of it was full of black spots and veins This slab was woiked up by a jeweller at 
Meshed, with a verse of the Goran and some scroll-work, and sold for 60 tomans, 
all the spots and veins had disappeared 

Historical note -—Some of the inhabitants of the Maden village say that their 
ancestors were Jews, others say that their ancestors came originally from Badakh- 
sh&n, where they were ruby-cutters Many of the inhabitants are Syeds of the 
family of the fifth Im&m, and one of tile sons of that Im&m lies buried at the 
village Germ&b, a few miles north-west of the mines In a genealogical tree of 
one of these Syeds, written in the fourteenth century, I noticed that the name of 
the Madfen village was formerly Pash&n, changed later on into Fishan Tho tur¬ 
quoise mines are rarely mentioned in Persian histones 

Salt —The north eastern part of Khorassan has three important salt names 
the mine near Sherif&Md, 24 miles sonth of Meshed, that of Abjfi, 15 miles 
from Ifcsh&p&r , and that of the turquoise mines Meshed and its environs, and 
the village as far as Gadamg&h, about 16 miles to the south-east of NisMpfir, 
take their salt from the first mine Nishapfir and its villages are provided from 
the second, and all the country to the north as far as Ktichan and even Askabad 
take their salt from tho last mine, the one belonging to tbe turquoise none village 
This last mute has thus the greatest sale It sells, at a low estimate, 15,000 
loads at 150/ to 1807 each per annum, oi a total quantity of about 1,100 tons 
The salt is sold at the mine at the rate of 1 kran per donkey-load, which is equal to 
about 13 krans, say about 9* per ten The expenditure of obtaining this quantity 
hardly amounts to 1207 per annum, the salt mine, therefore, had been worked by the 
people who held it at a rent of 250 tomans per annum at an enormous profit Tho 
rent was therefore increased to 600 tomans lost year, and to 1,000 tomans this year 
The work at the mines, 1883-8$ —I have mentioned that the »Mukhber-ed- 
Dowleb obtained from His Majesty the Shah the concession of the turquoise 
mines for fifteen years, to begin from the 21st March 1882 The Shah was to 
receive 9,000 tomans for the first, and 18,000 tomans for each of the remaining 
fourteen years The Mukhber-ed-Bowleh took in partnership Amin ed-Dowleh, 
Nassir-ed-Dpwleh, and two Tehran merchants, Hajji Ah ISTagi find Abdulbagi, 
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and agreed to about three-fifths of the responsibilities, the other two-fifths being 
dmdet> between the four other partners I was sent to the mines in April 
1882 as Director of the mines and Governor of the thereto-belonging district 1 
had orders to work all the mines, mountains and Khaki, and monopolize the 
whole turquoise trade for the Company, by sending all turquoises to Tehran I 
had full authority to act as I considered best for the profit of the Company 
regarding the working of the mines, increasing or abolishing taxes, &c I 
arrived at the mines in May, and had after a fortnight organized an adminis¬ 
tration, arranged the proper working of the mines, and abolished the promis¬ 
cuous sale and purchase of the turquoises by the rayots As I worked all the 
mines for the benefit of the Company the rayots could in justice not be expected 
to pay any tax on the mines, and I reduced tbe 8,000 tomans tbey paid when in 
possession of all the mines to 500 tomans, which I calculated on their sheep, cattle, 
fields, &c The rayots were very much satisfied with this arrangement, but 
difficulties soon arose The partners, instead of letting me do as I considered beet, 
and as really was best for them, interfered continually Every day I received 
different orders, the Rish-i-Safids, who under the new regime found themselves 
deprived of the gams they formerly had when they could buy turquoises from 
tbe mmes and sell them at Meshed, mtugued, tbe partners of the Company 
neglected to supply me with monoy, and once when I had kept the miners seven 
weeks without their wages there was a strike, the villagers revolted, &c In 
spite of aff these difficulties I worked tho mines, if not at a profit, certainly not 
at a loss, and left them m May of this year 

The work in 1883 —The partners then arranged to take again a tax from tho 
villagers, 8,000 tomans instoad of 5,000 as before, work a few mines themselves, 
and let others separately to some of the Rish-i-Saflds and villagers They also 
continue to monopolize the turquoise trade and prohibit the selling of tbe tur¬ 
quoises by tho rayots to others but their agents They have wisely discontinued 
the dispatoh of all turquoises to Tehran as well as the cutting of them at 
Tehran They now keep only the good tuiquoises and sell tho inferior^ qualities 
at the mmes or at Meshed The mines may with these arrangements be worked 
without a loss, but tbe profit, if there is any, is, as can be soon from the following 
estimate of income and expenditure, very small — 

Income, 

Present income and expenditure 

Tomans 1 


Taxes on tnrquoue mmes • 8,000 

„ salt mine 1,000 

(These two sums are generally paid in turquoises ) 

Value of turquoises obtained from the three or four mmes kept by 

the Company 6,000 

Profit on sale of turquoises bought fiom the rayots, and re¬ 
ceived m heu of taxes, 10,000 touiaus bought and 9,000 
tomans taxes 6,000 

Total income 20,000 


1 The present value of tho toinan is 6* 8d —Foreign Offioe, January 1881 
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The two last items, 6,000 and 5,000 tomans, are maxima, whenever they do 
not reach those figures, which is very probable, there will be a loss 


Expenditure 


Yearly rent to Government 
Administration expenses 


Wot king expenses nod wages, &a, of tlic mines kept by the 
Conywny 


Tomans. 

18,000 

1,500 

500 


Total expenditure 20,000 


Tehran , October 6th , 1S83 


Notice of a further Fiery Eruption from the Mmbyin Mud Volcano of Cheduba 

Island, Arakan 

From Colonel E B S laden, M S C., Commissioner of Arakdn, to the Superintendent, 
Geological Survey of India, dated Akyab , the 27th May 1884 . 

I have the honour to annex for your information translation of a report by 
the Myodk of Cheduba Island Township, m the Kyouk Pyu District of this Divi¬ 
sion, relative to a volcanic eruption which is said to have taken place on the 
island on the morning of the 28th ultimo This is the same volcano which was 
m activity on the 31st December 1881, as reported in my letter under date the 
4th January 1882 1 


Report of Mra Tha Dun, Myo6h (f Cheduba Township, Kyouk Pyu District 

The Myook of Cheduba respectfully begs to leport that about 8 o’clock on tbo morning 
of the 28th April last the volcano in the Minbym Circle of this Township was observed to be 
m eruption The report of the eruption was brought to me by the Yazawootgoung of the 
place Appended are the questions put him and his replies thereto — 


Question m 

1 Did the eruption buxdt out violently 

was it gradual P 

2 To what height did the flames nseP 
d What was the circumference P . 

4 How long did the eruption last P . 
f Did the flames give out any «m e l l P 

6 Was there much smoke P . , 

7 Was mud ejected P, 


Answer 

or 

Sudden and violent 
Apparently about 2,400 feet (sic) 

• About 600 feet 

• About an boar 

A smell of petroleum 

• Yes, dense smoke 
Mud and gravel 


1 See Records, Geological Survey of India, Volume XV, page 141 
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Report on the Laugrra Coal Field, South-West Khama Hills, by Tom D La 
' Touche, B A, Geological Survey of India (With a map) 

On my return from the Aka expedition in the beginning of February last, 
I made arrangements to visit and examine m detail the coal field situated in the 
Khasia Hills to the north of Langnn m Sylhet, one section m which, namely, 
that near Borsora, I had visited m May 1883, and described m Yol XVI, Part 3 
of the Records for that year In that report I drew attentiqp. to the similarity 
between that section and the one described by Colonel Godwin-Austen as occurring 
on the Um Plu, a tributary of the Urn Blay, about 10 miles to tho north-west 
of Borsora (J A 9 B, Vol XXXVIII, PaVt II, Ho 1, 1869), and the object 
I had in view was to find out whether the coal-bearing rocks were continuous 
m the intermediate area, ^and to search foi other sections of the coal seams 
Owing to the difficulty of procuring coolies, and my having to march across the 
hills from Gauhati, I did not reach the coal field till the last week m February, 
and so was not able to do as much as I had intended, but, as far as they go, 
the result of my investigations has been satisfactory The coal-bearing rocks 
ore exposed over an area of nearly 30 square miles, and at several points m this 
area, I have found exposures of coal at about the samo horizon as that of tho 
above-mentioned sections, so that there can, I think, be little doubt that there is 
a large amount of coal available here within a short distance of the plains 

Tho ai^a examined is a plateau roughly triangular m shape, bounded on the 
north-east by a steep scarp overlooking tho river Um Blay, on the south by 
the plains of Sylhet, and on tho west by a range of hills of newer formation than 
the coal-boanng rocks The average elevation of this plateau is about 1,500 
feet above the plains, its surface sloping gradually (at an angle of 5° to 7°) to 
the south-west, and descending abruptly on tho south to the plains. It is 
deeply trenched by several small streams, the two principal bomg the Um Plu 
flowing north-east into the Um Blay, and tho Um Soor flowing south into tho 
plains Both of these have cut far back into the plateau, and flow m narrow 
gorges several hundred foot deep Humorous smaller stroams flow into fhe plains, 
the principal drainage being in this direction On examination of tho rocks 
forming the plateau, these features are found to bo due to tho fact that they dip 
to the south-west at the same angle as the general inclination of the surface 
until near the steep slope above the plains, where thoy bend over to tho south 
at an angle of about 30°, on the Ime of the flexure which runs along tho south¬ 
ern edge of the Jarntia and Khasia Hills from the Jatmga, north of Silchar, 
and are quickly boned beneath the alluvium of the plains The geology of the 
plateau is very simple, and the succession of tho rocks is well seen on ascending 
to it from Rilang Bazaar up the scarp overlooking the Um Blay In the bed 
of the «iiver % and forming cliffs on either side of it nsmg to 100 foot or so m 
height, the lowest rook of the plateau, the Sylhet trap, is seen This rock need 
not be further noticed here Upon it restB the lower beds of tho cretaceous 
Benes, about 1,000 feet of coarse felspathic sandstone, purple and blue m colour, 
with strings and lenticular beds of well-rolled quartz pebbles This rock forms 
a steep scarp immediately over the river, and extends for about half a mile beyond 
the upper scarp, which rises for another 1,000 feet above it The rocks in the 
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upper scarp consist of coarse white sandstones becoming finer on ascending, 
and near the top alternating with beds of indurated day and coal About 300 
feet from the top, a bed of limestone 6 feet thick is crossed This limestone is 
hard, compact, with a splintery fracture, and contains a few obscure fragments 
of fossils, but no nummuhtes The coal occurs close to the top of the scarp 
at the point marked D on the map The section is described below 

On reaching the t top of the scarp the path leads for about 5 miles to the west 
over the surface of the platoau, descending gently to the foot of the ridge called 
Nongkulang hill Immediately on commencing the ascent of this hill, nummulitic 
limestone is met with, resting cfonformably upon the cretaceous rocks below 
This limestone is about 250 feet thick, and is succeeded conformably by fine 
ferruginous sandstones of later tertiary age continuing to the top of the ndge 
On the Bouth the limestone bendB over with the cretaceous rocks below, and 
formB a fringe along the face of the hills, disappearing beneath the alluvium of 
the plains In this fringe the large limestone quarries belonging to Messrs 
Inglis & Co are situated 

The sections I examined aro as follows, the rocks m each case being given in 
descending order —■* 

A.—This is the section described by Colonel Godwin. Austen (loc cit ), and 
oocurs in a Bm&ll ravine ir the north bank oi the Cm Pin, at an elevation of 
about 850 feet above the stream, 1,250 ab»\e the plains — * 


Seam No 4. 


Siam No 3 


Senm No 2 


boon No 1 


Sandstone, coarse, red, and purplish, about 

! Coal 

Carbonaceous shale 
Coal 

Sandstone, white 
r Coal 

Shale, light coloured 
■ Carbonaceous sandy shale 
Shales, light coloured, passing upwards into fine 
k and coarse sandstone 
r Coal 

j Carbonaceous shale 
1 Coal 

^Carbonaceous shale 
Sandstone, white, rather coarse 
Coal, whole thickness of scam not visible 


Ft Ins 

90 O 

O 8 

2 O 

0 8 

50 0 

8 8 

8 0 

1 0 

20 O 

8 0 

8 0 

1 0 

2 O 

15 0 

6 0 


Total 206 


Total of coal 15 feet k 

B —In a ravine about 70 feet deep on the path from the Um Pin to the vil¬ 
lage of Nongyon There is here a seam 11 inches thick at the bottom of the 
ravine in the right hank overlaid by white and brown sandstones This seam 
probably corresponds to the upper part of seam No 4 in section A None of the 
rocks below the coal are exposed, but the presence of the other seams might be 
easily determined by bonng 
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C —In the gorge of the Um Plu below the Tillage of Nongkerasi The coal 
occurs at the bottom of the gorge about 270 feet below the village Two seams 
from 7 inches "to a foot in thickness separated by about 2 feet of highly carbona¬ 
ceous shale can be traced for a considerable distance down the stream, which 
flows to the west along the strike of the rocks 

D —On the 'path from Nongkerasi to Nongmaotien, about 1^ miles from 
the latter village, near the top of the scarp over the Um Blay One seam only is 
exposed 5 feet 6 mohes thick, with carbonaceous shale above and below Tho 
hj 11-side is so covered with jungle and talus, that if any of tile other seams are 
presont, they are entirely covered up Elevation about 2,000 feet above the 
plains 

E —This is the section 1 visited and reported on in May 1883 It ooours m 
a side ravine on the stream flowing into the plains at Borsoragaon to the north 
of Laour The following is the succession of tho rocks seen in the section — 


Seam No 

Scam No 

Seam No 
Seam No 


Shalt/ coal 

abont 

Ft 

8 

Ins 

0 

Fine yellow sandstone and shale 

M 

60 

0 

Coal 

» 

4 

0 

Fme yellow sandstone 

)! 

60 

0 

Coal 

H 

8 

4 

Slialy sandstone 

»» 

0 

0 

Coal 

•8 

8 

10 


Total 188 8 


Total of coal 13 feet 2 inches 

The elevation of this section is about 200 feet above the plains 
F.—On the path up the hill from the village of Lakma, about tmlaa 
west of the last section and 700 feet above the plains, a seam of coal 2 feet 
thick is exposed, dipping south at 20° The ground above and below is covered 
with jungle and talus, but a very little excavation would Bhow whether the other 
seams of section E are present here * 

At Lakma the fringe of limestone which extends along the southern face of 
the hills is interrupted for about a mile, this portion having been removed by 
denudation 

Gr —On a path up the hill from the large limestone quarry about 3 miles west 
of Lakma This section is very similar to the last, and is at 750 feet above the 
plains There is one seam 2 feet thick exposed, and dipping to south at 18° 
It would be worth while, I think, making an excavation at this point also, to 
determine whether there are any other seams than the one exposed 

Two specimens of the coal from section E have been analysed by Sub-Assist¬ 
ant Hj ja L ai of the Geological Survey, and have given the following results_ 


MoiBtnre 

• 

Seam No 1 
. 5 84 

Seam No 2. 
3 08 

Other volatile matter 


8516 

39 58 

Fixed carbon 


6040 

5080 

Ash , 


860 

6 60 



Total 100 00 

100 00 
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No 1 does not cake, ash pale red 

No 2 calces, ash red 

With regard to the working of the coal, I would reconuaesd that the expo¬ 
sures on the southern edgo of the field, those nearest to the plains, should be 
opened out first, as the cost of carnage from the mines would he reduced to a 
minimum Then, as the demand for the coal increased, the workings ought he 
pushed further into the hills The coal might, I think, be used with^-udvantago 
in the burning of the limestone, which is quarried at the foot of the hills At 
present the limestone is quamed in the cold weather, takeq during the next rams 
to Sunamgunj on the Surma, where it has to remain till the jnext cold weather, 
during which it is burnt m a wasteful manner in holes m the river banks, the 
fuel used being reeds It has then to be stored m the go&owna tall the rams, 
when it is earned to market (Dr Oldham, Mem Geol Survey, Vol 1, 
Pt II, 1858 ) Two years thus elapse between the time that the stone is quar¬ 
ried and delivered as lime m Calcutta Whereas if the coal on the spot wero 
used, and kilns of the European pattern built, the bmestone might be quamed 
and burnt during the cold weather, and the lime shipped off m the next rams, 
whereby a great saving m tune and labour would be effected Tho analyses 
given above show that the coal, owing to tho small quantity of ash contained 
in it, would be excellently suited for burning lime 


Additional notes on the TJmana Coal Field (South Rowah Gondwnnn, Basm), by 
Theodore W H Hughes, ABSM, CE, F G S, Geological Survey of 
India 

At the close of my last year’s notice of progress in connection with the Umani 
coal field, I expressed the hope that another six months would furnish us with 
data enough to give practical answers to all practical questions I am happy to 
say that the necessary stage in our investigations has been reached which enables 
us to do so, and I think I may now wnte authoritatively as to the capabilities 
and value of the coal deposits 

The mam point shadowed in doubt was, whether the seam, which at its out-crop 
measured only 4 feet 2 inches to 4 feet 8 inches, increased 
to a more efficient thickness to the deep The records of 
the bonngs were all in favour of the expression of most 
sanguine views, but unfortunately, the only direct unquestionable evidence as to 
tho behaviour of the coal rather damped the ardour of one’s hopes There was 
no augmentation of the seam m the inclines, though the latter had been advanced 
some considerable distance to the deep, and expectation had accordingly to bo 
buoyed up by faith m the testimony of the journals handed down by Siewarfc 
in 1882 

There was, however, the possibility that these might have been coloured by the 
bias of one’s proclivities, and that shales, which were no- 
ournahkf 6 inaccnraoy of thing more than carbonaceous, had been merged m coal, 
* and thus an excessive proportion of the latter had been 

registered To those, therefore, who maintained an attitude of incredulity in the 


Questionable thicken 
mg of seam 
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Contract system m 
troduced 


worth of the Urn ana field, this contingency and the steadiness of the seam in the 
incline! lent force to their views 

My own position was one of trust in the sections that onr pr eliminary mvesti- 
Tat boring gations revealed, but m order to leave no room for carping, 

instructions wore given that a test boring should be earned 
out m the northern area of the field, where the seam was stated to he 10 feet 
thick, and that if it confirmed onr previous knowledge, a shaft shnnld be sunk, to 
afford facilities for examining the coal and procuring samples of it 

For the purpose of helping forward the plan of working that I had submitted 
Superintending Staff. to Captain Barr, the Political Agent and Superintendent 

of Bewab, the services of Mr Thomas Forster, M E, were 
again retained, from 1 st November 1883, and with him were associated two 
young assistant mining engineers, M M Hughes-Hallett and Mrrnsch Their 
efforts were directed to completing No 1 pit, proving Mr Stewart’s No. 9 bore 
hole, continuing the incline, and commencing a second shaft Matters progressed 
fairly well during the first month, but great difficulty was experienced in mould¬ 
ing local labour, and it was doomed expedient to introduce contract work 

Alter a short trial, it was found to bo distinctly advantageous, and an agree¬ 
ment was entered into with Mr Stoney of Katm to pay 
BIO per foot of sinking for the first 50 feet, and R12 for 
each subsequent foot up to 100 For driving in the m- 
clino R4 a ton was the rate fixed upon 

Two skilled native fitters and a carpenter were imported from Karharban to 
put up the necessary pit head gear and 31 ns, and they 
worked very satisfactorily They had, however, to be paid 
high wages, R40 and R30 a month respectively, and as 
soon as they could be conveniently dispensed with, they were discharged On 
the western side of India, 1 am aware that these wages are not considered out¬ 
rageous, but in Bengal mon can bo engaged for just one-half the sum we had to 
offer . 

WitS^various interruptions from causes that could not be foreseen and guard- 
ed against, each shaft was taken down to the coal Thero 
Water during sinking ^ fortunatdy no dlfficulty m dealing with water until 

tho seam was reachod, a pair of ordinary sinking buckets being quite sufficient to 
keep the pits dry We were prepared, however, for an influx when the coal was 
tapped, but though this fear was confirmed in the case of No 1 shaft, strange to 
say m No 2, where a much larger rush was afiticipated, no body of water was 
met with In one sense, the drowning of No 1 is a favourable sign, as it implies 
the probability of a more extensive area of coal leading to it than had at first 
been surmised 

The absen ce of water m No 2 is perhaps owing to ono or more faults cutting 
off the flow in the direction of the pit This is a mero 
No ^2 shaft! ** Wftter in conjecture offered in response to the natural surprise 

created by the phenomenal diyness of the shaft Situated as 
it is m the midst of a very much larger area of coal, and ^nuch further removed 
as it is from the outcrop of the seam than No 1, wo certainly inferrod that 


Fitters* wages 
Carpenter’s wages. 
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there would have been a greater volume of water to cope with, but as events 
have proved, our apprehension was not verified It was an extremely fo tunate 
circumstance for ns, as we were spared the necessity of indenting for expensive 
pumping machinery, and were enabled the sooner to bring our explorations to a 
decisive issue 

The bormg intended to check the accuracy of the pioneer journals was put 
down close to Mr Stewart’s No. 9 hole, and it tallied closely with its fellow, 
the sections being— 


Ho 9 (1882) Tj#G Stbwaet, descending 

1 No 9a (1888) A Munsch, descending 

Sandstones and shales 

0 

Sandstones and shales 


(0) Coal 

#0" 

Coal 

2' 0" 

(i) Carbonaceous shale 

l'O" 

Carbonaceous shale 

3'O'' 

(c) Carbonaceous shaly sandstone 

tfO" 

Carbonaceous shaly sandstone 

3 0" 

(d) Coal 

loror 

Cat bonaceoua shale 

l'O" 

( 0 ) Carbonaceous shaly sandstone 

vor 

(d) Coal 

8' 0" 

(f Carbonaceous shale 

l'O" 

Carbonaceous shale 

l'O" 

is) Coal 

a'o" 

Coal 

1' 0" 

(k) Carbonaceous shale 

l'O" 

Carbonaceous shale 

l'O" 

(*) Coal 

#0" 

Coal 

l'O" 



Carbonaceous shale 

3' 0" 



Coal 

4' 0" 

Total 

29'0" 

Total 

28'0" 


Encouraged by the assurance of coal that these returns afforded, we 1 set out 
the position for the second (or No 2) shaft, within a few 
a shaft ^ ^ yards of the bore holes , and just heforo the close of the 
season the seam at (<2) was passed through and an open 
view obtained down to that level There are 7 feet of clear coal, and all the stone 
interpositions that disfigure the seam in the quarry have disappeared with the 
exception of the clinker band The coal is firm and homogeneous in structure, 
and has all the promise of being much better m quality than that cut in the 
incline and which was selected for the Calcutta Exhibition (1883-84) 

A considerable impetus was given to the development of the field, by the 
acceptance on the part of the Great Indian Peninsula 
Railway of a tender from the Bewah State to supply 
2,000 tons of coal The rate was B13 a ton delivered 
into the wagons at Katru As neither of the shafts had reached coal, the 
inclines had to be extended much more than was originally intended, but with 
the most crudo and unfinished labour and system of working, we were m a posi¬ 
tion to meet easily the demands made upon us, and we could without any anxiety 
havo faced more onerous obligations 

The most difficult part of our contract was the carting between £&solia and 
Katm We had calculated that the Government rate of 
^Difficulty of carting g annas a koss for a load of 14 maunds, or R6-12 a ton, 

would have secured us as many carts as were requisite to 


1 Mr Hughes was appointed Superintendent of the Bewah Coal Exploiutione m 1882, and has 
remained m charge to date —W, K 
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transfer the coal to the railway, hut we found that nothing so favourable could be 
arranged, and we had to pay from R7 8 to R8-7 to R9-4 a ton for carnage 
from TJmana to Katm 

There is an? excellent fair-weather road from one place to the other, and through¬ 
out the 20 miles that it runs m British territory, neatly 
^UuuinaandKatoh the streams are traversed by causeways In making 

such excessive demands as the carters did, I presume 
they were reaping out of our necessities, for there could be no reasonable cause of 
complaint,- either about tho gradients or the constitution of the road It is 
almost level throughout, with only one large juver (the Mahanadi) to cross, and 
for one-third of its length it has a serviceable natural metalling of latente 
and gneiss 

About 1,600 tons of eoal were raised during the season At first the output 
Coal ism was small when there were only a few working faces, but 

rai as we headed out and more opportunity of getting at the 

coal presented itself, 12 to 15 tons a day was the average produce The gallenes 
were 6 feet high by 8 feet broad Pillars were 20 feet No accidents occurred 
to thoso employed in cnttxng, and the roof stood perfectly without any artificial 
support The immunity from casualties that the men enjoyed, encouraged 
them to persevere in their new occupation, and we have succeeded in laying 
the foundation of a small mining community I am Borry to say- that no attempt 
was made to teach the use of the pick, either as practised by English miners, or 
m some modified form, though I particularly wished it, but I trust this omission 
will be rectified next year Nearly 550 tons of coal were dehvered to the Great 
Indian Peninsula Railway, and 200 tons of slack to Mr Cook, the latter paying 
at the rate of R8 per 100 maunds at Umana Mr Cook’s object was to have 
fuel that he could uso for lime-bummg dui mg the rams, but I have not yet 
heard whether it was suitable 

To test the innning power of the coal on the Great Indian Peninsula Rail¬ 
way, Mr Forster airanged that a trial trip should be 
made with a full load to am Accordingly the local 
Foreman of the lmo, Mr Forster, and myself left Jabal¬ 
pur on the 12th of May 1884 with a baggige tram of an average gross weight, 
excluding the engine and tender, of 410 tons that ran as far as Sohagpur 
(122 miles) A report of the result achieved has been submitted to the Political 
Agent of Rewah by Mr Forster, and I piefer in this instance to quote approxi¬ 
mately his words * 

.. Bv the kindness of tho Traffic Superintendent, Mr Maurice, we were given a full tram load 

of 32 vehicles The engine supplied by Mr Watson, of the Loco 
Mr Forster s report motive Department, was all that could be desned 

.. We Btarted from Jabalpur at 10 20 r «. 12th May 1884, arriving at Sohagpur about 9 A K 

on the following morning , , , __ ... 

„ t , . - RV that the coal steams admirably, and even when going up lull 

“ 1 am exceedingly glad to say tnae * vftlve Tho fire was cleaned out twice 

with the fall load, steam was bnt a9 ,? precautionary measure against choking 

on the journey, not that i t w “ 8 " ertn f Yew sparks were throw* out, and that the coal was 

During the trip, 1 noted particularly that ve.y te l we ^ # ^ w cwt 

not mow fuliginous than the general iuu ol counuy cu«i 8 


Running power of 
\ coal 
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19 lbs of coal on tbo tender lighting np of engine included The amount of coal left on tender 
after completing the trip was 1 ton 9 cwt 2 qis 2 lbs The consumption on the jourmy was 
therefore 2 tons 6 cwts 1 qr 21 lbs The evaporation was S 4 lbs to 1 lb of coal ” 

Reducing these figures to the standard of pounds consumed per train milo, 
we have 8,531 lbs—3,330 lbs =5,201 lbs, the actual amount burnt Then 
i^Vm beT = 4^ 53 lbs per tram mile This is only slightly m excess of Karharban 
coal, and is far less than Mohpani and Ramganj coal, the comparison being— 

Karharban 1 Umana Ranignnj 1 Mohpani. 

40 lbs 42 lbs 51 lbs 55 lbs 

The facts now established m regard to the Umana coal field are— 

1st —That there is an abundant store of coal 

2nd —'That there is a convenient working thickness of at least 7 feet of 
coal 

3rd —That the coal hes within easy access of the surface 

4th —That the dip is slight 

6th —That there is a good roof to the coal 

6th —That the working power of the coal is almost equal to the Karhaiban 
coal 

7th —That the coal measures are not heavily watered 

Such an array of truths, and the commanding geographical position that the 
Umana field holds as an area of supply for Western and North-Western India, 
render it unnecessary for me to entor into a lengthly advocacy of the expediency 
of bnnging within reach of public use, with as little delay as possible, the splendid 
coal resources of the Rewah State These can only be made available, however, 
by cheapening the conveyance between Umana and Katni and substituting for 
the native gharry wallah a more practical foim of carnage 

At present the Great Indian Peninsula Railway Company are willing to pay 
R13 a ton'for the Umana coal, but such a price as this would, in the mte' ests of 
the coal itself, limit its area of distribution too seriously to be maintained The 
aim of those who may eventually work the coal field ought certainly to be to 
reach as far over Central India and the North West Provinces as possible, and 
one of the essential means to this end is a broad gauge railroad connecting 
Umana with the most favourable point on the Jabalpur branch of the East Indian 
line t 

It is to he hoped that no unnecessary procrastination on the part of Government 
will now take placo in deciding what course to pui sue, so that a cheap market may 
be thrown open to the mutual advantage of producer and consumer 

1 Fxt rooted from return furnished by the Consulting Engmcor to the Government of India 
for Guaranteed Railways 

Calcutta , 

1st July 1884 
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Additions to the Museum 

ADDITIONS TO THE MUSEUM 
Fbom Ibt April to 30th June 1884. 

One sample each of pitch, tar, valveline, mineral tallow, paraffin, batching oil, lubiicatmg 
oil, and burning oil, manufactured from Burmah earth oil, and a sample of ~Ri rnnn.li 
earth oil. 

Presented by the * Rangoon Oil Coup any,’ Rangoon 

Sample of a chatoyant jade, called * cat’s eye, said to be from Central Asia. 

Presented by Lieutenant Colonel Sib O B C St John, KCSI RE 

Twenty seven specimens of clays, glazing materials, and pigments, used in the manufacture 
of Indian pottery at the Bombay * School of Art' 

Presented by B. A Gupte, Head Clerk, 'School op Art/ Bombay 

A model of the ' Gor do Nor * diamond, recently found in the Bellary district, Madras 
Presidency 

Presented by Messrs P Orr and Sons, Madras 

Thirty two specimens of rocks from Dalhousie region 

Presented by Colonel C A McMahon, FGS, Dalhousie 

Specimens illustrating the malleability of sheet iron used for tin plate making, from Hie 
' Wilden Iron Works, near Stouiport, England 

* Presented by Messrs E P & W Baldwin, England 

A palceohthic implement, from surface of latente, near Katangi, Katm tahsil, Jabalpur 
district found and presented by Mrs W King 


ADDITIONS TO THE LIBRARY 
1-kok 1st April to 30th Junk 1884 


Title? of Books 
AlbracBSl Paul 


—Sui la fossette veimienne du crane des mammifhres 
Biuxclles, 1884 


Donors 

8° Pam 


The Author 


Baylky, Thomas —A pocket book for chemists, chemical manufacturers, metalluigists, 
dyers, distillers, brewers, sngar lefiners, photogiaphers, students, &c 
2nd edition 12° London, 1881 

Bell, Alonzo —Report on the hot springs of Aifcansas made to the Secretary of the 
Interim 8° Pam Washington, 1882 


Home Department 


JBowerbank, J S —A monograph of the British Spongiad® Edited, with additions, by 
A M Norman Vol IY (Ray Society) 8° London, 1882 
Brady, G Stewabdson —A monograph of the free and semi parasitic Copcpoda of the 
British Islands Vols II—-III (Ray Society ) 8° London, 1880 
Broeck, Ernest van DEN —Note sur un nouveau mode de classifh ation et do notation 
graphique des depots geologiques basd sur 1 etude des phenomcnes de la 
sedimentation maiine 8° Pam Bmxellts, 188$ 


The Author 
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Title* of Soaks Donor* 

Bbonn's Klassen und Ordnungen del Thier-Reichs Band I Protozoa, Lief 26 27 
Band II Ponfera, Lief 3 5 Band VI Abth V Saugetbiere Mam¬ 
malia, Lief 27 8° Leipzig, 1884 

Bitch, Leopold von —Gesammelte 8chnften Hernusgegeben von J Ewald, J- Both 
tmd W Dames Band III 8° Berlin, 1877 

Bcckton, Geobob Bowdlbb —Monograph of the British Aphides Vols III IV (Bay 
Society ) 8° London, 1881 & 1883 

Camebon, Petes —A monograph of the British Phytophagous Hymenoptera (Tenthredo, 
Sirex and Cymps, Linnd ) Vol I (Ray Society ) 8° London, 1882 

Capellini, G —Della Balena di Taiatffo confrontata con quelle della nnova zelanda e con 
talune fossih del Belgio e della Toscana. 4° Pam Bologna, 1877. 

H P Blanfobd, Esq 

Collins, J H —Mineralogy Vols I—II 8° London, 1878 and 1883 

Dumont, J B—Synoptical tables of modem Chemistiy Vol I Inorganic Chemistry, 
part 5, Metals—Manufactures 8° Calcutta, 1884 

Dupont, Edouabd —Notices prdhminaires sur les fondles exdcutdes sous les auspices du 
Gouvernement Beige dans les cavoraes de la Belgique Tome I 8° 
Bruxelles, 1867 

H F Blanfobd, Esq 

Geological Suivey of Illinois Vol VII Geology and Palaeontology 8°-Springfield, 1883 

Pbofxssob A H Wobthen 

Geology of Wisconsin. Vols I and IV With Atlas 8° Madison, 1883 and 1882 

-SUFBBINTENDENT, PUBLIC PbOPKETT, MADISON 

Hyatt, Alpheus —Genera of Fossil Cephalopoda 8“ Boston, 1883 

The Authob 


Jbbvis, Guoliblmo —I Tesori Sotterranei dell’ Italia Vols I—II 8° Torino, 1873—74 

H F Blanfobd, Esq 

Kino, William.— Geology at a glance 6th edition 4° Pam Dublin, 1863 

u Will Kino, Esq 

,, Synoptical table of aqueous rock groups, chiefly British, % ranged in 

then order of superposition and chronological sequence 8° Pam 
Dublin, 1863 

Will Kino, Esq 

Kino, Will —Notice of a pre histone burial place with cruciform monoliths, near 

Mungapet in the Nizam s Dominions 8° Pam Calcutta, 1877 

• * The Authob 

„ Des Pnits Artdsiens a Pcndicheiy, et de la possibility de recouvnr de 

sources semhlables a Madras 8° Pam Pondichfiry, 1880 

The Authob 

Paldontologie Frangaise Ire Sdrie, Ammaux Invertdbrds, Terrain Jurassique, hvr 67 and 
68 8° Paris, 1884 

Quenstedt, Fb Auo —Handbuch der Petrefaktenkunde Anflage III, Lief 16 8° Tubin¬ 

gen, 1883 

Bitot, 15 —Description de la preparation mdcamque des mmeiais de plomb dans le Ober- 
Harz. 8° Pam, 1851. 

H F Blanfobd, Esq 
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Ti tles of Boohs Donors 

Sella, Quintino —Commemorazione f unebre del deputato Sella* Flee Roma, 1884 

Cambba dei Dbputati 

Sheridan, P H —Report of an exploration of parts of Wyoming, Idaho, and Montana, m 
August and September 1882 8 s Pam Washington, 1882 

Homs Department 


Shobtt, John —The hill ranges of Southern India Parts 1 — 6 8° Madras, 1870—1883 

Special catalogue of exhibits in the Tasmanian Court at the Calcutta International Exhibi¬ 
tion, 1883 84 8° Calcutta, 1883 * 

, Commission ee fob Tasmania 

Vebbeek, R D M—Kort verslag over de Uitbarstmg van Krakatau op 26, 27 en 28 
Augustus 1883 8° Pam Batavia, 1884 


Thb Author 

White, C A, and Aughkt, Samuel —Artesian wells upon the Great Plains 8° Pam 
Washington, 1882 


Revenue and Agricultural Department 


Zimmebmann Christian —Die Wiederansnchtuug verworfener Gauge, Lager und Flotze 
8° Darmstadt, 1828 


H F Blanford, Esq 


Zittel, Karl A —Handbuch der Palmontologie Band IT, lief 3 8° Munohen, 1884 


PERIODICALS, SERIALS, &c 

American Journal of Science 3rd Series, Vol XXVII, Nos 169—161 8* New Haven, 

1884 

The Editobs 

American Naturalist Vol I 8° Salem, Mass 1868 

Annalen der Physik und Chemie Neue Folge Band XXI, heft 3—4, and XXII, heft 6 
8° Leipzig, 1884 

Abnales des Mines 8 Sdne, Tome I, livr 3, and IV, livr 4—5 8° !£ans, 1882 

\ and 1883 • 

* L’ Admins des Mines 


Annales des Sciences Natmelles 6“e Sdne, Botanique, Tome XVII, Nos 2—6 8° 

Paris, 1884 

Annales des Sciences Naturelles 6 me Sdno, Zoologie et Paldontologie, Tome XV, Nos 
6-6, and XVI, Noe 1—3 8° Pans, 1883 

Annals and Magazine of Natural History 6th Series, Vol XHI, Nos 76—78. 8° London, 
1884 

Archiv fUr Naturgeschichte Jahrg XLIX, heft 5, and L, heft 1 8° Berlin, 1883 1884 

Athenaeum Nos 2941—2964 4° London, 1884 

Beiblatter zu den Annalen der Physik und Chemie Band VIII, Nos 2—5 8° Leipzig, 

1884 

Bibliothfeque Universelle Archives des Sciences Physiques et Naturelles 3 m * Pdriode, 
Tome XI, Nos 1—2 8° Genfcve, 1884 

Bihliothbque Universelle et Revue Suisse 3 d * 0 Pdriode, Tome XXI, Nos 62—63, and 
XXII, No 64. 8° Lausanne, 1884 

Botamsches Centralblatt Band XVII, Nos 9—13, and XVIII,^Nos 1—9 8° Cassel, 

1884 
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Titles of Books Donors 

Chemical News. Vol XLIX, Nos 1267—1280 4° London, 1884 * 

Colliery Guardian Vol XLVII, Nos 1209—1223 Folio London, 1884 

Dae Ausland Jahrg LVII, Nos 8—22 4° Munchen, 1884 

Geological Magazine New Senes, Decade III, Vol I, Nos 3—6 8* London, 1884 

Iron Vol XXIII, Nos 682—595 Folio London, 1884 

Journal de Conchyhologie 3 Sdrie, Tome XXIII, No 3 8° Pans, 1883 

Journal of Science 3rd Senes, Vol VI, Nos 122—124 8° London, 1884 

The Editor 


Journal of Indian Ast Nos 1—2 4° Loudon, 1884 

_ Revenue and Agricultural Department 


London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science 6th Series, 
Vol XVII, Nos 106—109 8° London, 1884 

Mining Journal, with supplement Vol LIV, Nos 2532—2545 Folio London, 1884 
Natures Novitates Nos 4—9 8° Berlin 1884 

Nature Vols XXIX, Nos 749—757, and XXX, Nos 758—762 4° London, 1884 

Nenes Jahrbuch fur Mmeralogie, Geologic und Pal aeon tologie Jahrg 1884, Band I, heft 
3 8° Stuttgart, 1884 

Palseontograpluca. Band XXX, Thoil I, and Band XXX, Theil I, lief 1 4° Casscl, 

1883 

Petermann’s Geographisohe Mittheilungen Band XXX, Nos 3—-5 4° Gotha, 1884 

„ „ Supplement No 74 4° Gotha, 1884 

Professional Papers on Indian Engineering 3rd Senes, Vol II, No 6 And Index to 1st 
and 2nd Series Fisc Rooikee, 1884 

Thomason College of Civil Engineering 


Quarterly Journal of Microscopical Science New Series, Vol XXIV, No 94 8° London, 

1884 

Zeitschnft fur Naturwissenachaften Folge IV, Band II, heft 6, and Band III, heft 1 
8° Halle, 1883 1884 

Zoological Record for 1882 Vol XIX 8° London, 1883 


GOVERNMENT SELFCTIONS, REPORTS, &c 


t 


Assam —Report on the Administration of the Province of Assam for 1882 83 Fisc Shil¬ 
long, 1884, 

Chief Commissioner of Assam 


Bombay —Selections from the Records 
8° Bombay, 1883 

« 


of the Bombay Government New Senes, No 163 

Bombay Government 


India —List of Civil Officers holding gazetted appointments under the Government of 
India m the Home, Legislative, and Foreign Departments, as it Btood on 
the 1st January 1884. 8° Calcutta, 1884 

Home Department 


Registers of Ouginal Observations m 1883 and 1884, reduoed and corrected Sep¬ 
tember 1883 to January 1884 4° Calcutta, 1884 

Meteorological Reporter to Government of India 

Report on the Census of British India, taken on the 17th February 1881 Vels I 
and III Fisc London, 1883 

Revenue and Agricultural Department 
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Titles qf Boohs 


Donors 


India —Review of the Forest Administration u British India for 1882 83, hy W Sehlich 
Fisc Simla, 1884 

Home Department 


,, Selections from the Records of the Government of India, Foreign Department 
Nos 193 and 195 8° Calcutta, 1884 

Foreign Department 

ii Statistical Tables for British India 4° Calcutta, 1884. 

Government Printing Office 

North Western Provinces —Statistical, descriptive and historical account of the North- 
Western Provinces of India Yols VII, VIII, and XIII 8° Allahabad, 
1883 1884 

Government of the North Western Provinces 


TRANSACTIONS, PROCEEDINGS, &c, OF SOCIETIES, SURVEYS, &c 

Amsterdam —Jaarboek van het Mrjnwezen in Nederlandsch Oost Indie Tweede Gedeelte, 

1883 8° Amsterdam, 1883 

Revenue and Agricultural Department 

Basel —Verhandlungon der Natuiforschendcn Gesellschaft in Basel Theil VII, heft 2 
8° Basel, 1884 

The Society 

Batavia —Notulon van het Bataviaasch Genootechap van Kunsten en Wetenschappen 
Deel XXI, Nos 3-4, and XXII, No 1 8° Batavia, 1884 

The Society, 

„ Naturkundjg Tijdschnft voor Nederlandsch Indie Deel XLIII 8° Batavia, 

1884 

The Society 

w, <mm„ ^ Tijdschnft voor mdihdie Taal Land en Volfeenkunde Deel XXIX, Afl 4 2 4, and 
X XXX, Afl 1 2 8° Batavia, 1883 1884 » 

The Society 

Berlin — Zeitschrift der Deutschen geologise! lcn Gesellschaft Band XXXV, beft 4 8° 


Berlin, 1883 


The Society 


Boston —Memoirs of the Boston Society of Natural History Vol HI, Nos 6 7 4° 

Boston, 1883 ■* 

The Society 

„ Proceedings of the Boston Society of Natural History Vols XXI, pt 4, and 
XXII, pt 1 8° Boston, 1883 

The Society 

„ Proceedings of the American Academy of Arts and Sciences New Senes, Vol X 
8° Boston, 1883 

The Academy 

Bristol —Bristol Museum and Library Report of Proceedings at the 13th annual meet 
ing, held 21st Februaij 1884 8° Bustol, 1884 % 


The Museum 
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Buttsbbls —Bulletin da la Socidtd Royale Beige do Geographic 
8° Bruxelles, 1883 


Donors 
Annrfe VII/ No 6 

The Society 


Calcutta —Journal of the Agricultural and Horticultural Society of India. New Senes, 
Vol VII, pt 2 8° Calcutta, 1884 

Thb Society 

n Journal of the Asiatic Society of Bengal New Senes, Vol L-II1, pt I, No 1 
8 ° Calcutta, 1884 

Thb Society 

„ Proceedings of the Asiatic Society of Bengal No X (1883), and Nos I—III 

(1884) 8° Calcutta, 1883 and 1884 

The Society 

,, Palwontologia Indica Senes X, Vol II, pt 6, Senes X, Vol III, pt 1, and 
Senes XIII, Vol I, pt 4 fasc 3 4° Calcutta, 1884 

Geological Suevey of India 


Records of the Geological Surrey of India Vol XVII, pt 2 8° Calcutta, 

1884 

Geological Subvey of India 

Report of the Arohseological Surrey of India Vol XVII 8° Calcutta, 1884 

Home Depabtment 


Chbibtiania —Udgivet af den noTshe Gradmaalmgskomimssion 
tioner Hefte II 4° Christiania, 1883 


Vandatands observa- 
The Commission 


Dehba Dun —Synopsis of the results of the operations of the Great Tngonometrical Surrey 
5f India Vols XVII—XXI 4° Dehra Dun, 1883 

G T Subyey of India 


Lausanne —Bulletin de la Socidtd Vaudoise des Sciences Naturelles 
No 89 8° Lausanne, 1883 


2“ e Sdne, Vol XIX, 
The Society 


Livebpoo'l —Proceedings of the Literary and Philosophical Society of Lirerpool Vols 


XXXV—XXXVII 8° Lirerpool, 1881—1883 


(\ 


Thb Society 


London — Journal of the Anthropological Institute of Great Bntain and Ireland Vol 
XIII, No 3 8° London, 1884 

„ Journal of the Royal Asiatic Society of Great Bntain and Ireland New Senes, 
Vol XVI, pt 1 8° London, 1884 

, The Society. 

„ Journal of the* Society of Arts Vol XXXII, Nos 1633—1646 8° London, 

1884 

The Society 

„ Mineralogical Magazine and Journal of the Mmeralogical Society of Great 
Britain and Ireland. Vol IV, No 20 8° London, 1881 

„ Proceedings of the Royal Geographical Society New Senes, Vol VI, Nos 2—4 
8° London, 1884 

The Society 

„ Proceedings of the Royal Institution of Great Britain Vol X, pt 2, No 76 
8° London, 1883 

The Institute 
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London —Proceedings of the Royal Society 
228 8° London, 1883 


Donors , 

Vols XXXV, No 227, and XXXVI, No 

Thb Society 


» 


Quarterly Journal of the Geological Society. 
8° London, 1884 


Vol XL, Part 1, No 157 
The Society 


Madrid —Boletra de la Sociedad Geografica de Madrid 
rid, 1884 


Tomo XVI, Nos 1—4 8° Mad- 

The Society 


Manchester —Transactions of the Manchester Geological Society 
8° Manchester, 1884 


VoL XVII, pts 13—15 
The Society 


Melbourne —Reports of the Mining Surveyors and Registrars for quarter ending 31s* 
December 1883 Fisc Melbourne, 1884 

Mining Department, Victoria. 


Moscou —Bulletin de la Socidtd Impdnale des Naturalistes 
cou, 1883 


Tome LV1II, No 2 8° Mos 

The Society 


Newcastle upon-Tyne —Transactions of the North of England Institute of Mining and 
Mechanical Engineers Vol XXXIII, pt 3 8° Newcastle upon Tyne, 


• 1884 

Paris —Bulletin de la Soci£t£ Gdologique de France 
Nos 3—4 8° Pans, 1884 


The Instiiutb 
3 me Sdrie, Tome IX, No 7, and XII, 

The Society 


„ Mdmoires de la Socidtd Gdologique de Franpe 3 m4 Sdne, Tome III, No 1 
4° Pans, 1884 

The Society 

Penzance —Transactions of the Royal Geological Society of Cornwall Vol X, pt 6 8° 

Penzance, 1884 


x 

ILADLX; 


Philadelphia 


—Journal of the Franklin Institute 
8° Philadelphia, 1884 


Tqp Society. 
3rd*Senes, Vol LXXXVII, Nos 3-5 

The Institute 


„ Proceedings of the Academy of Natural Sciences Part III, 1883 8° 

Philadelphia, 1884 

The Academy 

„ Proceedings of the Amencan Philosophical Society Vol XX, No 113 

8° Philadelphia, 1883 

The Society 

Pisa — Atta della Society Toscana di Scienze Naturah Memone Vol VI, fasc 1 8° Pisa, 

1884 

The Society 

„ Atta della Societd Toscana di Scienze Naturah Proceasi Verbali Vol IV, pp 
29—70 8° Pisa, 1884 

The Society 


Sacbahento —California State Mining Bureau Third Annual Report of the State Miner¬ 
alogist for the year ending 1st Jane 1883 8° Sacramento, 1883 

State Mineralogist 
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St. Pktebsbubg —Bulletins da Comitd Grfologique Tome II, Nob. 7—9, and III, No 1 
8 s St Pdterabourg, 1884. 

The Committee 

Straw —Proceedings of the American Association for the Advancement of Science Yol 
XXXI 8° Salem, 1883 

The Association 

San Fbanoi 8CO —Bulletin of the California Academy of Sciences No I 8° San Fran* 
cnco, 1884 

The Academy 

I 

Shanghai —Journal of the North China Branch of the Royal Asiatic Society New Senes, 
No 5 (1868) 8° Shanghai, 1869 

The Society 

Singapobe —Journal of the Straits Branch of the Royal Asiatic Society No 12 8° Singa¬ 

pore, 1884 

The Society 

8ydney —Journal and Proceedings of the Royal Society of New South Wales Yol XYI 
8° Sydney, 1883 

The Society 

Tobino —Atti della R Accademia delle Scienze di Tormo Yol XIX, disp 2—3 8° Tonno, 

1884 

The Academy 

m 

Vienna — Denkscbriften der Kaiserhohen Ahademie der Wissenschaften Band XLY to 
XLYI 4° Wien, 1882-1883 

The Academy 

„ Sitzungsbenchte der Kais Akademie der Wissenschaften Band LXXXYI, 
Abth I, heft 1—6, Abth II, heft 2—6, Abth III, heft 3—6, Band 
LXXXVII, Abth I, heft 1—6, Abth II, heft 1—6, Abth III, heft 1—3 
8° Wien, 1882 1883 

The Academy 


Jahrbuch der k k Geologisohen Reichsanstalt Band XXXIY, Nos 1—, 
Wien, 1884, ‘ / 

ftjsi 


8 ° 


•i 


The Institute 

Verhandlungen der k k Geologisohen Reichsanstalt Nos 4—8 8° Wien, 1884 

The Institute 

Washington —Annual report of the Board of Regents of the Smithsonian Institution for 
1881 8° Washington, 1883 

The Institute 

„ Bulletin of the Philosophical Society of Washington Yols IY V 

8° Washington, 1881 1883 

The Society 

„ Bulletin of the United States Geological Survey No 1 8° Washing¬ 

ton, 1883 

United States Geological Subvey 

„ Monographs of the United States Geologioal Survey Yol II. With folio 

atlas. 4° Washington, 1882 

United States Geological Subvey 
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Washington —Powell, J W —Second Annual Report of the United States Geological Sur¬ 
vey, to the Secretary of the Intenor, 1880 81 8° Washington, 1882 

United States Geological Survey 

„ Hayden, P V —Twelfth Annual Report of the United States Geological 

and Geographical Survey of the Temtones Parte I—II 8° Wash¬ 
ington, 1883. 

United States Geological Survey 

Wellington —Colonial Museum and Geological Survey of New Zealand Reports of Geo¬ 
logical Explorations during 1882 • 8° Wellington, 1883 

Geological Survey oe New Zealand 

„ Eighteenth Annual Report on the Colonial Museum and Laboratory to¬ 

gether with the 14th Annual Report on the Colonial Botanic Garden 
1882 83 8° Wellington, 1883. 

Geological Survey or New Zealand 


York —Annual Report of the Council of the Yorkshire Philosophical Society for 1883 
8° Yoik, 1884 


The Society 
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RECORDS 



Note on the Geology of part of the Gangasulan Pargana of British Garhwal, by 
R D Oldham, A. R S M , &c , Geological Survey of India (With a map ) 

1 The country to be described m this note is comprised within a sfcup about 
5 miles broad, stretching eastwards from Rikhikhes and southwaads to the foot 
of the Chandi hills, lies entirely to the east of the River Ganges, and presents 
more points of geological interest than any other Himalayan tract of equal magni¬ 
tude with which I am acquainted 

2 The oldest rocks seen I have comprehensively coloured on the map as ‘ Pie- 

Mandh&li * With the exception of some beds of limestone 
Okies atrios. exposed to the north of Latchman Jhula in the bed of the 

Ganges they are, to the east of the stnp of Mandhuhs and Sirmurs, grey schis- 
i»'» "plates with occasional bods of quartzites, and to the west as far as the recent 
deposit of the Ganges black slates with quartzites iand occasional calcareous beds, 
presenti^h no features of geological interest apart from the marked and sudden 
manner in which their strike bends round with the irregularities of the boundary 
of hill and plain, being northwards between the parallel of Rikhikhes and the 
Bheng Nadi, but bending sharply round to cast and westwai ds immediately to the 
noith and south of those limits, the courses of the Bedasm and Tal nadis marking 
the strike of the rocks they run through, while their junction is at the point 
whore the ono stnho bends round to the other 

i The Mandhali beds, under the name of Tal limestone, have long been 
dhdl es known and have acquired a celebrity aB the only case 

85 known of fossils being found in the pretertiary beds of tho 

lower Himalayas , the section in the Bedasm has been already described in detail, 1 
and the only addition I have to make is that an examination of the same beds m 
their extension along the Syair ndge shows that they he in a synclinal and not 
anticlinal fold Along the ndge they broaden out and form its high and rocky 


Muudhali senes 


1 Rec G S I, XIV, 100 
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crest, and here limestone conglomerates of the regular Mandhdli type are seen 
associated 'with the fossiliferous beds Near (a short way to the south of) the village 
of Syair the eocene beds come in to the east, the junction with the Mandh&lis 
being one of original contact as is marked by the occurrence of the characteristic 
bottom bed of the Subathu senes, from heie the Subathu-Mandhali boundary 
runs to the north, keeping on the east of the ndge till a gap just north of Karanwas 
village, whence the ridge changes its character and a broad rolling summit 
replaces tho rocky crest to the south, and here, m the gap, the ferruginous bottom 

Of retert bed of the Sirmurs can be seen lapping round the eroded 

p wry aye edges of the <Mandhdli limestone This is a point of great 
interest and importance in proving that the Mandh&li series is of pretertiary age, 
as was infeired by me on other and more geneial grounds 1 The boundary runs 
down about a furlong and a half from the crest of the ridge, but once more mounts 
on to it to tho north of Bhuwan and runs away north-eastwards towards Toll 
Along this part of the boundary the bottom bed is not so well seen, but as 
there are distinct traces of it m places, we may consider this also as a natural 
boundary The great mass of the hill above Marital is Mandhali limestone, some 
of the beds fossiliferous, others conglomeratic, but many of them structureless 
limestone with which, as further to the south, slates and quartzites are niter- 
bedded 

4 To the south of the Bheng river these beds are seen on the crort of the 
Banas ndge extending close to, if not actually up to, the 
outcrop of Sirmurs, but they are not seen at its eastern 
extremity Near the western boundary of tho exposure 

there is a peculiar ferruginous breccia which seems to belong to this senes, though 
for want of good exposures it is impossible to say whether it may not be of super¬ 
ficial origin 

5 It would have been of great interest and importance as giving us a definite 
honzon m the Himalayan rocks, had any recognizable fossil 
been found in these beds, but I regret to have to 

a diligent search has met with no such reward The shells, though /ill recog 
nizable as such and well preserved, have been comminuted so as to for/i a sort of 
shell grit among which no pieces large enough to afford more than a very vague 
genenc identification could be seen The bed is evidently of littoral origin and 
this comminuted state of the shells, if preventing an accurate comparison of the 
honzon of the bod with European standards, was at any rate useful in readily 
discriminating it froip the somewhat similar limestone beds of the Subathu 
senes in which the shells were all entire or only slightly broken 

6 The next series seen, m ascending order, was the Subathu Of this the 
exposure near Bhuwan has been described as regards its 
character 8 Its western boundary has already been refer¬ 
red to in connection with the Mandhali senes, while the 

eastern is a fault, along this boundary the bottom rock is not seen and the beds 
immediately in contact with the grey schistose slates are somewhat high up in 
the senes 
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7 To the south of the Tal nadi there is another exposure of these beds Of 
this I have only seen the eastern and western extremities, 
but there ib no doubt that it extends continuously between 
the two, as within these limits all the lateral feeders of the 
Tal which flow from the south contain debris recognizable as derived from the 
Subathu senes At the eastern extremity only was the bottom bed seen, so that 
this strip may be faulted m 

8. The most northerly exposure of the sub-Himalayan beds is that opposite 
Bikhikhes, which has been mentioned as of Nahan age— 1 
an opinion from which^I find myself obliged to dissent The 
exposure, whose boundaries are completely obscured by 
recent river gravels, consists of soft grey sandstones and sandy clays with a north 
by west stnke and vertical dip, which, from their resemblance to the middle 
Sivalik beds and the entire absence m a section of some considerable thickness of 
any trace of the very characteristic red clays of the Nahan beds, I would refer to 
the former rather than the latter period This is, however, a matter of opinion, 
and no definite proof can be adduced of one or the other conclusion 

9 The supposition advanced is, moreover, supported by the fact that the next 

exposure to the south, that m the Bheng nadi, contains 
Bheng Nadi ve ry characteristic red clays undistmguishable from those 

of Nahan age m the Nahan hills Between these two exposures the older Hima¬ 
layan slates everywhere come into contact with the recent gravels, while imme¬ 
diately north of the Bhong a spur of the older rocks juts out a full quarter of 
a mile to the west of the outcrop of tertiary clays, showing that their boundary 
must here take a sudden bend westwards 

10 South of the Bheng the tertiary sandstones come into contact with the 

Ba as i d e sub-recent gravels of the Ganges and continue up the 

3f " Banas ridge to the gap between the two trigonometrical 

.points marked on the 1-mch map Between this point and the exposure in the 
BhS-'jg I was unable to trace the boundary of the tertianes It would have been 
importfjit to determine how the mam boundary doming up from the south-east 
bends ri^ind to take in the Bheng exposure, but in the absence of definite observa¬ 
tions I have been compelled to draw it on the map in the manner which seems 
best to fit in with observations elsewhere, it is, however, only conjectural, and must 
be taken for what it is worth From the Bheng exposure southwards the section 
is on the whole an ascending one, the dip at the western extremity of the Banas 
ridge being to east-south-east, while the beds* are soft yellowish-grey sandstones 
and sandy clays without a trace of red clay 

11 South of Jamma bagh I saw no exposures till the Ghaziram Sot was 
entered, here soft sandstones with concretionary nodules 
of harder rock, and, higher up, conglomerates dip at first 

eastwards and westwards at low angles, settling down near the head of the stream 
to a steady northerly dip at about 30° It is a noteworthy fact that both the 
sandstones and conglomerates contain numerous pebbles of soft tertiary sand¬ 
stone -s, 

•Mem G S I, 111,118 Rcc G b I,XIV 100 
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12 In the Mithi Sot, just where the old road from the Jabbar Gadh to Lal- 
Mithi Sot dang crosses it, there is an exposure o' soft pebbly sand¬ 

stone, some of the pebbles being of snb-himalayon sand¬ 
stone, with a vertical dip, striking to north by west At the base of the exposure 
and lying east of the sandstones is a low bank o' dark-red clay, possibly of Nahan 
age—a possibility which is rendered probable by the fact that the next exposure 
up stream is of compact sandstone breaking off along defined joint planes, inter¬ 
bed dcd with red nodular clays of the Nahan type having the same north by west 
strike The contiriaation of this line of strike leads to a point on the Banas ridge, 
where I noticed a marked change in she nature of the d6bris lying on the surface 
of the ground, all Ae fragments to the west being thoroughly lounded by 
weathering, while those to the east generally retained some traces of the joint planes 
along whicb they had broken off and were not uncommonly sub-angular Continued 
still further northwards, it would form the eastern boundary of the Bheng outcrop 
These facts would seem to point to the existence of a line of fault, a consideration 
to which I shall subsequently return, but, whether a fault O” no, it is the boundary 
between the Nahan beds to the east and the middle and uppoi Sivahks to the 
west In this same stream there are many boulders of a peculiar rock, a fine¬ 
grained micaceous sandstone undistmguishablo from the Nahan sandstones but 
for the fact that scattered through it are sub-angular fragments of crystalline 
quartzite mostly 9' to 1' in diameter, none that I saw being larger and few much 
smaller I did not see this rock m situ, but as the boulders of it increase m 
number up stream, and as they were seen above (to the east of) the line of junc¬ 
tion, they must have been derived from the Nahan beds, notwithstanding the 
fact that nowhere else is so much as a pebble known from beds of undoubted 
Nahan age 

Id On the eastern flank of the Chandi Hills, at about half a mile from 
Diowali, and just whciothe road from the north crosses 
the Khara Sot for the fourth and last time, an import- 
ant section is to be seen Here there is a long cliff of npper Sivalik sand-lock, 
earthy clay and shingle, to the south, soft grey pebbly sandstones come mjwitb a 
dip of 30° to east by south, the actual contact not being seen No pebbles Cl sand¬ 
stone were found in the latter, but numerous red-clay galls, some evidently derived 
from clays of older date as they were laminated, the lamrnes not agreeing m direc¬ 
tion with those of the sandstone This fact, together with their softness and the 
absence of beds of red clay, seems to stamp them as of middle Sivalik rather than 
Nahan age The exposure* terminates to the south by the slope of the hill-side 

passing off into the level ground, but before altogether 
disappearing, the hill sends out a small spur northwards 
into the stream, it is a small knot 10 feet long, 9 feet broad, and 6 feet high, on 
the up-stream side of which a hollow has been excavated in the nver-bed such as 
is invariably found abovo any obstruction to the force of the current Here a 
triangular surface of the sandstone beds is seen on whose eroded edges upper 
Sivalik conglomerates, containing many pebbles of sub-Hunalayan sandstone and 
clay, he with a dip of 45° to east by south That this is not a mere case of contem- 
poiaiRuus erosion is prov ed by the facts that while the dip of the conglomerates 
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Chandt Hills 


ia45° that of the sards tones below is only 30°, and that the boundary of the 
sandstone beds is not smooth and uniform, but irregular, the hard beds stand, 
mg out with a sub-angular section proving that they must have been in¬ 
durated, disturbed, and eroded previous to the deposition of the conglomerates 
above 

14 To the south of a line running west of this the Chandi Hills are mainly 
composed of middle Sivalik sandstones, but are|frequontly 
capped by thin patches of the upper conglomerates, let 
m by local faulting or flexure, which wero not mapped in det&il There seems 
but little doubt that it was these apper beds which yielded the fossils discovered 
by Dr Falconer 1 and more recently by Mr Lichfield m 1883 

Iff I now come to the consideration of the question whether the meridional 
boundary described above (para. 12) as existing between 
Nature o oun ry the Nahans and upper Sivaliks is to be considered as 

mainly dae to faulting, or whether it approximately marks out the area over 
which the Nahans were lemoved by denudation previous to the deposition of 
the nppex beds That theie was an extensive denudation of the Nahans pre¬ 
vious to and during tho deposition of the upper Sivaliks is sufficiently proved by 
the number of pebbles of the former to be found in tho latter, but this may have 
been general and not largely greater near the Ganges than elsewhere, whilo 
there is co such direct proof that they were being eroded during the deposition 
of the middle Sivalik sandstones which are m contact with them on the Banas 
ridge I saw no pebbles of sandstone m the middle Sivaliks, and if present they 
mnst be rare, but as the only pebblos to be seen are small, well rounded, and of 
hard quartzite, this negative evidence goes for very little On the other hand, 
the straightness of the boundary, the contrast of the beds m contact, and the 
vertical dip, all go to prove that, even if the boundary is approximately one of 
original deposition, it must have been considerably modified by faulting or its 
practical equivalent 

io\Jn this connection the small exposure of ( Sub-Himalayan bods m tho 
l’roball a fault Bheng is of principal importance, their position (apart 

V fiom a possible though hardly probable fault in the 

Bheng valley) is at the base of a section ascending to the southwards, the upper 
beds bemg of middle Sivalik age which the Bheng beds, if Nahan, aa their 
character almost necessitates, must anconformably underlie in this case there 
is a small patch of Nahans cut off entirely from the mam mass to the south-east, 
and if we suppose that the boundary between the Nahans and the newer beds 
marks even approximately the area over which the former were removed 
previous to the deposition of the latter, we must account for the fact that tho 
Bheng exposure has been brought up to the surface by faults, which both to the 
north and east have their downthrow on the side nearest to it, consequently if 
the Bheng outcrop is of NaJhan age, the rocks to the east of the mondional 
fault must have been elevated and the newer beds removed by denudation, and 
the Nahans must originally have extended to the north of their present boundary, 
which mnst in that case he mainly due to faulting 


1 Journ A S B VI, 283 
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Nature of faults 
Hardwar fault 


17 A similar issue to the last is raised by the contrast between the beds 

exposed at Raiwala on the west bank of the fa-anges 
oun ry at mwa a an( j those seen opposite them to the east At Raiwala 

an exposure has been described 1 of upper Sivalik days and conglomerates lying 
m an anticlinal flexure whose steeper side faces north, while to the east of the 
Ganges we find opposite these beds and on the same line of strike low middle 
Sivalik sandstones forming part of a large synclinal Leaving the question of 
flexure on one side, for that at Raiwala is insignificant in size and might well he 
on the flank of a niuch larger one, there is the difference in the honzons of the 
beds, those at Raiwala being high up m the upper Sivaliks, while opposite them 
are low middle SivalikB if not Nahan beds—presumptive evidence of a great 
fault running m the bed of the Ganges with an upthrow to the east This might, 
however, be explained away by the unconformity which, as I have shown above 
(para 13), does exist m this region between the middle and upper Sivaliks , but, 
on the other hand, the continuation of this presumed fault would lead into the 
proved fault in the Hardwar gorge, and though this latter has a downthrow to 
the east, the great Bhimgoda fault, with a throw of some 15,000 feet, which almost, 
if not entirely, dies out against the former, would sufficiently account for any 
reversal of the fault to the northwards 

18 In this connection I may review the facts which show that these faults 
can nowhere be considered as simple dislocations, on one 
side of which the beds have been elevated, and on the 
other depressed, but that they are contemporaneous with, 

and have been formed pan passu with, the disturbance of the beds they intersect 
In the Hardwar gorge, as has long been known, 2 a northerly dip of the beds to the 
east is confronted by a southerly dip to the west, and if, as seems probable, the 
lowest beds on the Chandi section are lower m the senes than the beds opposite 
them on the Hardwar side, the fault must have an upthrow to the east here¬ 
abouts, while further north opposite Bhimgoda the upthrow is certainly t o the 
west In this case there must be some point m the Hardwar gorge wh^e T *l£e~*' 
throw is ml Even if this supposition is incorrect, the throw of the fault must 
increase rapidly towards the north, and in either case we cannot conaidqj* the fault 
as of later date than the flexure of the beds, but must look upon it as a line of 
fracture, on one side of which the beds were from the first bent in one direction 
and on the opposite in the other 

19 Turning now to the Bhimgoda fault, which, as I have said, does not seem 

to cross the’Ganges at all, and if it does so only m a very 
Bhimgoda fault modified form, we can hardly suppose it to have been of 

altogethei posterior date to the formation of the Sivalik anticlinal, for the beds at 
the top of the section north of the fault are the very newest that we can call 
Sivalik with certainty, and had they ever been elevated and exposed to denu¬ 
dation must have been from their softness largely removed, it consequently 
becomes probable that m this case too the formation of the failt was gradual 
«md progressed pan passu with the flexure of the beds it affects, rather than 

> Mem Q S I, III 184 
2 Vtde H B Medbcott, Mem 0 S I, III, 183 
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that these beds were thrown into an unticlmal and the northern half then 
depressed 

20 This great downthrow of the Bhimgoda fault more than neutralises the 

upthrow of the Hardwar fault, and consequently we find 
Hordwa^fiiult * 1181011 °* f acm g those immediately north of the Bhimgoda 

fault seem to be lower in the senes, arguing a northerly 
extension of the Hardwar fault, but with a downthrow to the west Northwards the 
more rapid dip of the eastern beds soon extinguishes this throw until, near the 
Zabhar Gadh, the sudden replacement of the upper Sivaliks by middle Sivaliks 
seems to argue a fault coming from the east m some respects the analogue of 
the Bhimgoda fault Be this so or not, to the north of this point at Baiwala 
the fault must have an upthrow to the east of some thousands of feet That 
this complicated system of faulting is of altogether posterior date to the disturb¬ 
ance of the beds is impossible, and tho only conclusion we can draw is that these 
faults must have been gradually formed contemporaneously with the distuibanco, 
and to some extent the deposition of the beds they affect 

21 To this fault in its extended sense I propose to give the name of the 

^ ^ Ganges fault Prom the mouth of the Hardwar gorge I 

anges au have traced it as far as Baiwala, but to the north of this 

there are still indications of its existence To it is possibly due the elevation of 
the pieftertiary beds which has cut out the sub Himalayan senes from the Bheng 
northwards to Bckhikhcs, and it may even extend further north irfto the older 
rocks of the lower Himalayas, but this cannot be decided except by further examin¬ 
ation 

22 The post-pleiocene river gravels arc largely developed along the western 

boundary of the aica under descnption, but as they differ 
Post pleiocene m n0 re spect fiom those of the Dthra Dun, which I hope 

shortly to desenbo at length, it will be nnnecessaiy to refer to them here 
further than to mention that they cover much of the ground which I have 
coloured as some older formation on the accompanying map 

23 'Near Jamrua bagh, about quarter of a mile to the north of the camping 

S giound, a small warm spring issues with a temperatuie of 

Wurmspimgs 73 0 y on the side of a channel which has been dug to 

carry off the waste water from a watei-mill The water of the spring is pure and 
sweet, so that its temperature cannot be due to chemical action, ana it is nnpoit- 
ant to notice that it issues close to the line which I have indicated (para 20 ) as 
probably a line of fault I was informed by the natives that another waim 
spring had been struck near Gouree ghat a few years ago when making an irri¬ 
gation cut This latter seems to have been a failure, as a dry channel was pointed 
out to me whose bank had certamly been cut into at one place, but there was no 
warm Bpring My informant reconciled this with his statement by explaining 
that the hole had been filled up since On tbe whole the existence of this warm 
spring is doubtful, but it is noteworthy that the locality pointed out to me lies on 
the northerly extension of the Ganges fault 
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On fragments of slates and schists imbedded in tin gncissose granite and granite oj 
the N -W Himalayas, by Colonel C A McMahon, F G S (With a plate ) 

In my papoi on the Simla Himalayas (Records, X, p 221) I recorded the 
following note regarding the eruptive granite of the upper Sutlej section 
“ Between Rurang and Jangi I found numerous blocks of mica schist caught up 
by and buried in the granite They are of all shapes, and vary in diameter from 
2 inches to 2 feet. These blocks are identical in appearance and composition 
with the mica schwts through which the granite passes, and cannot, I apprehend, 
be due to segregative action ” t 

Similar inclusions are to be observed in the gneissose granite at Dalhousie 
and its neighbourhood In my paper on the Geology of Dalhousie , 1 I recorded 
the following note respecting them “ For some time I regarded these objects 
as concretionary m origin, but the conclusion was ultimately forced on me that 
they are true fiagments of the adjoining schists, caught up by the granite m its 
passage through them They are more numerous close to the schists than away 
from them, they closely resemble the schists in colour and material, and, in 
the Chuan section, where the porphyritic granite has been squeezed into and 
between the schistose beds, fragments of schists may be seen caught in the act, 
so to speak, of being broken off 

“ Some of the included pieces—even those seen a long way from the junction 
of the granite and the schists—seemed to me of undoubted fragmentary origin 
One, for instance, which I noticed m the Chuan section, was a long splinter 2 feet 
4 inches long, and 5| inches wide at the thickest end In its splintery ends it 
seemed to give clear evidence of having been torn from its parent rock It stood 
out sharply from the granite, and it was fractured transversely in several places, 
the cracks not penetrating into the granite ” 

As might be expected, on the supposition that the inclusions alluded to are 
really fragments of other rocks imbedded in an eruptive granite, the J&ngi and 
Dalhousie specimens do not resemble each other at all, but, on the contrary***#—* 
most cases, are very like members of the local sedimentary strata through which 
the granite has penetrated 

I have now examined under the microscope thin shces of the 
sums, and of the mica schists at Jangi through which the granite has been 
erupted, and I have also examined specimens of the Dalhousie inclusions, and 
have compared them with the granite itself, and with the silunan beds found in 
the neighbourhood. The results am given m the following pages 

I shall, as usual, describe each slice m some detail, and then summarise tho 
results under the head of “ General Remarks ” at the end 

No 1 —Mica Bchist between Bogi and Pangi A dense rock containing 
numerous small garnets 

No 2 —A fine-grained dense mica sahist Pfingi (Bassfihir) 

M —In No 1 the mica is of noh Vandyke brown colour m transmitted light 
The ground mass consists of quartz with a few crystals of felspar Garnets are 
numerous Parallelism of structure is not apparent m the arrangement of the mica 


Jdngi mclu- 
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feAET 4] 


McMahon Fragments of slate and schists 


169 


In^No 2 the mica appears to he in part biotite and in part muscovite, the 
basal cleavage is well marked m both The mica is oriented m all directions, but 
a general conformity to a parallelism of arrangement can be made out, and 
extinction is simultaneous m the great majority of leaves Garnets ore present 
In the ground mass felspar predominates over the quartz The former is in part 
microclme, and in part plagioclase 

In neither of the specimens did I detect a single liquid cavity with a bubble 
m it 

Nos 3 and 4 —Mica schist included m granite between Rarang and Jangi 

M —Numerous flakes of mica, the axial sections of which are a rich Vandyke 
brown in transmitted light, are disseminated through a quartz ground mass 

One or two crystals of muscovite are also present The quartz contains 
numorous rounded microlites of mica 

I failed to detect a single liquid cavity with a bubble m this slice, though 
I used powers up to 400 linear 

These inclusions have evidently been subjected to great heat, but the entire 
absence of felspar, and of the liquid cavities with movable bubbles so charac¬ 
teristic of the quartz of granite, marks them off from that rock Moreover, 
the character of the mica is suggestive of a schist rather than of a granite It 
is m flakes, and the majority of the leaves ho in the same plane 

No *5 —Granite between Rarang and Jangi with contained inclusion With 
the aid of a pocket lens this inclusion is seen to consist of the constituents of 
granite in an extremely fine-grained condition The line of demarcation be¬ 
tween the inclusion and the granite is sharp and well defined 

» M —The examination of this specimen under the microscope confirms the 
result of the examination with the aid of the pocket lens The slice contains a 
portion of the granite and also a portion of tho inclusion The latter contains 
both orthoclase and plagioclaso, as well as quaitz In structure and in every 
particular it is a granite The microlites seen in tho slice contain shrinkage 
vacuoles and cracks Flat liquid cavities with 4 fixed bubbles are extremely 
abundant, whilst those with movable bubbles are not altogether wanting 
% 


Dalhoubit 


No 6 —Inclusion m gneissose granite—Uppei Mall, Bakrota A dark, fine¬ 
grained mixture of quartz and mica, with irregular-shaped pieces of felspar here 
and there m 

M —The slice is composed of quartz, dark mica, muscovite, crypto crystalline 
mica, garnets, magnetite or llmenite, and fernto 

The quartz contains gas pores and liquid cavities with movable bubbles 
Microlites containing shrinkage vacuoles and liquid cavities, with movable oi fixed 
bubbles, are numerous One micro-prism contains liquid cavities 

The whole aspect of this slice under the microscope is that of the granite 
which contains the inclusion 

No 7 —Inclusion in gneissose granite—Upper Mall, Bakrota 
M —This slice shows the junction of the granite afhl the inclusion The 
latter looks like an intensely altered slate, and, under the microscope its aspect 
is very different from the last specmlen # 

D 
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The inclusion is composed of quartz and biotite with some magnetite, 01 
llmenite, and a little crypto-crystalline mica m patches ' 

A small piece of felspar is entangled m crypto-crystalline mica, but it exhibits 
no crystalline contour There are a few microscopic garnets. The quartz contains 
some liquid cavities with movable bubbles, and some of the microlites contain 
vacuoles The rock has the appealance of being an intensely altered slaty rock. 
No 8 —Inclusion m gneissose granite—Upper Mall, Bakrota* 

M —This slice consists of a ground-mass of quartz in micro-grams, m whioh 
arc scattered a d&rk mica (biotite ?) m leaves, and m well-laminated crystals, 
small leaves and microlites of muscovite, patches of crypto-crystalline mica, gar¬ 
nets, and magnetite or llmenite 

The quartz encloses liquid cavities with movable bubbles, and microlites 
which contain elongated vacuoles and cavities m which mineral matter has been 
deposited 

There is no trace of felspar 

Between Dalhousie and Chit 

No 9 —Inclusion in gneissose granite The hand specimen and the thin slice 
show the junction of the included dark Blaty rock and the gramte 

M —The granitic portion of the shoe contains orthoelase, microclme, plagio- 
clase, muscovite m large leaves and m microlites, and well-laminated biotite 
There are numerous mtergrowths of biotite and muscovite, and crystals of the 
former enclose garnets 

Groins of llmenite or magnetite are common to the granite and the slaty 
enclosure The latter consists of granular quartz, a green mica, and numeronB 
patches of micro-crystalline mica, which passes here and there into small leaves 
of muscovite A few small garnets are present, but no felspar 

The quartz of the granite contains movable bubbles, but I have not detected 
any m the slaty inclusion 

Upper road near top of BaJcrota, Dalhousie 
No 10 —Inclusion in gneissose granite To the unaided eye this looks like a 
compact rock with a pocket lens it is seen to be sub-ciystalhnc exactly 
resembles some rocks of the silunan senes 

M —This slice consists of an intimate mixture of very fine-grained quartz and 
mica The quartz has evidently recryBtallisod under the influence of heat, as its 
minute grains exhibit a tendency to assume hexagonal outlines The mica is of 
two kinds,—a green qnca, and wfiat is apparently muscovite The former is by 
far the more abundant, stray leaves of muscovite only appearing here and there 
There is one good sized leaf of green mica, but the rest is m micro-flakes 

A little haematite and magnetite are present There are numerous microlites, 
but all of them are apparently of mica 

I have not detected any liquid cavities m the quartz 

The microscopic examination of this slice leads to the conclusion that it is a 
fragment of slato that has been exposed to considerable heat 

No 11 —Inclusion in gneissose gramte This specimen is so like No 10 that 
a separate description is unnecessary Both specimens under the microscope 
closely resemble some of the slaty rocks immediately adjoining the gneissose 
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granite at Dalhousie The only difference is that m these specimens tho heating 
has goAe sufficiently far to almost obliterate tho lamination The matenals are 
not arranged in well-defined lines, but still one has no difficulty in making out 
which way the gram goes 

The muscovite is not in clear leaves, as m granite, but fibres of the green 
mica are abundantly entangled m it 

Nos 12-15 —A fine grained schist included in gneissose granite Upper 
Road, near top of Bakrota In 13, 14, and 15 the hand specimens, and also the 
thm slice, show the junction of the granite and the sehist * 

M —The granite is of the usual type, already described in previous papers 
under the name of gneissose granite 

The ground mass of the schist is composed of quarts in fine grains There in 
no felspar The mica vanes in different slices in transmitted light, fiom yellow- 
green and brown-green, to brown It is in laige and small flakes, some of them 
being very minute and also in well laminated crystals Muscovite, crypto-crys¬ 
talline mica, and schorl, aro also present There are round dots of opacite and a 
little magnetite 

The granite and the included schist conkast strongly with each other m the 
matter of liquid cavities with movable bubbles The quartz and the schorl of 
the granite contain liquid cavities with largo movable bubbles the areas covered 
by the lqtter are about one fourth of the areas of the cavities that contain them 
In the schist, on the other hand, I have failed to detect any liquid cavities m 
any of the slices 

General Remarks 

The microscopic examination of the specimens described in this paper leads to 
the conclusion that, in some cases, what appear to be fragments of othor rocks 
contained m granite are cither inclusions that have been so intensely metamor¬ 
phosed, and thoroughly permeated with the mineral constituents of the granite, 
t jlm t they have become gianitic m sti ucture and composition, or that portions 
of the granite itself have locally condensed into fine-grained concretionary lumps 
resembling true inclusions in appearance Slice# Nos 5 and 6 are instances of 
such cast’p 

On the other hand, the microscope confirms the verdict arrived at by the un¬ 
aided eye m respect of the majority of cases, and shows that what appear to be in 
elusions are really fragments of foreign rocks caught up and inclosed in the granite 

Three classes of true inclusions have beon examined,—namely, ordinary mica 
schists, slaty rocks, and fine grained silicious Schists 

The inclusions found in the eruptive granite of the Sutlej valley present 
ii twW the microscope the strongest likeness to the bedded mica schists through 
which the granite has burst 

In the case of thi slaty inclusions in the Dalhousie gneissose granite, the 
inclusions have the closest resemblance to some local Silurian fine-giamcd sili- 
cious rocks, and are not unlike some of the beds that occur m the stratified locks 
close to the mar gin of the granite They are a little moie metamorphosed than 
the latter, hut that is all The shaip lint s of lamination haye been obliterated, but 
the direction of the grain can still be made out, under the microscope, without 
doubt or hesitation 
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In the case of the schists, the fine foliation is still unmistakably visible to the 
naked eye r 

One important fact about all the Dalhousie and Sutlej inclusions, except slices 
Nos 5 and 6, is that the changes which have been set up m them by contact 
metamorphism have not led to the formation of felspar 

In neaily all my hand specimens and thm slices the junction of the granite 
and the inclusion is shown The granite maintains its characteristics up to the 
junction, and then there is a sharp transition to the slate, or to the schist, as the 
case may be In the slaty and the schistose portions of the slices felspar is absent 
Another important distinction is that though the quartz and the schorl of 
the granite abound in liquid cavities with movable bubbles up to the line of 
junction, these liquid lacunae arc absent in all the inclusions examined, except 
Nos 7 and 8, No 7 being a highly-altered rock 

Theso differences seem to me to be essential ones, and to bo opposed to the 
acceptance of the segregation hypothesis as an explanation of these dark patches 
in the granite 

In somo respects the inclusions have yielded to the metamorphosing influence 
of the granite, and to this influence I attnbutt the presence of muscovite, cxypto- 
crystalhne mica, and schorl 

A precisely similai metamorphosing influence was exercised by the granite on 
the adjoining stratified beds at Dalhousie , and in my paper on the mi&croscopic 
structure of the latter (Records, XVI? p 141), I expressed the conviction 
that “ the crypto-crystallme mica seen m contact with the granitoid rock is due 
to the injection of mattor from the granitic rock into the schists in a gaseous or 
liquid condition ” I also noted that, “ though the gneissoso granite is rich in 
felspar, only one small crystal of this mineral was found m the numerous slices 
of rocks in contact with the gneissose giamte examined under the microscope ” 
This complete correspondence between the Blaty and schistose stratified rocks m 
contact with the gneissose granite, and the inclusions m the mam body of tho 
giamte itself, is a strong point, I think, in the chain of evidence which leads*to w ‘ 
the conclusion that most of the* sharply-outlined dark patches which occur in the 
Dalhousie gneissose granite are t tally fragments of stratified rocks c^pght up 
and imbedded in it, and that the dark patches aie not concretionary nodules due 
to the freaks of segregative action 

Recently I have come acioss an inclusion at Dalhousie which, I think, sets the 
question completely at rest I found it in the gneissose granite near the top of 
Bakrota, about half a mile from tho horizon of the stratified Silurian rocks 

One of my specimens has been very successfully photographed (about natural 
size) and reproduced as a punt by the heliogiavure process by Major Watei- 
house m the office of the Surveyor-General to the Government of India, and 
forms the plate attached to this paper Nothing could be more perfect than the 
proof print now before me, it reproduces the exact appearance, and almost tho 
very colour, of a piece of tho Dalhousie gneissose giamte 

The inclusion represented in the plate is a section broken off from a long 
splinter of rock, shaped like a tent peg, included m the granite It is about two 
feet long, but I did not extract the whole of it, and cannot, consequently, say 
exactly how deep it penetrates into the granite The sections, shipped off one 
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after the other for me by a native stone mason, varied somewhat m size, but the 
three pVmcipal sides of one of these sections measured 2£ X 2 J x 2£ inches 

The splmtor of schist must have been rendered partially plastic by heat, for 
the fragments show that when it was entire it was somewhat crooked m the 
direction of its length, and the lines of foliation (see plate) are considerably 
bent Thm sections of the specimen depicted in the plate are described under 
Nos 12-15 

The rock is a very fino-gramed schist An examination of the plate will show 
how fine are the lines of foliation » 

I do not think that any one, whose opimon,is worth having, could examine the 
specimen itself, or even the plate attached to this paper, and believe that this finely 
foliated schist has originated in the granite itself by a process of segregation 

Had the specimen been ground down to a uniformly fiat surface, the contrast 
between the granite and the contained fragmont of schist would piobably havo 
been even greater than it is in the plate, for whilst much of the dark marking 
of the granite is duo to superficial discoloration, tho broad lines soen in the 
schist, on the other hand, are lines of foliation These thm and thick lines of 
foliation run right through the splinter lengthways from top to bottom The 
gneissose granite is perfectly granitic up to the very edge of the splinter, and m 
fracture and structure there is no resemblance between the former and the 
schistosp inclusion Moreovei, as before lemarked, whilst the gnoissoso granite is 
a highly felspathic rock, not a particle of felspar is piesent in the schist 

I cannot myself for a moment believe that segregation could produce a 
highly silicious, finely foliated schist out of a highly felspathic granite, m which 
porphyritic crystals aie to be seen meandering about m all directions up to the 
very edge of the schist If regaid be also hod to the long splmtci-liko shape of 
the schist, the improbability of sufh a result being pioduced by segregation is 
increased One might as well believe, it seems to me, that a fossil ammonite is a 
product of segregation 

But perhaps some one who is disposed to assign a motamorphic origin for the 
gneissose granite, may affirm that the long splintdt of schist is an undigested lump 
of tho original rock from which the gneissose granite itself was formod Should 
any one be found to advocate this theory, I would ask where all the felspar in the 
gneissose granite came from ? The gneissose granite at Dalhousie, it must he 
remembered, is a mass over six miles m thickness that extends in an easterly and 
south-easterly direction for some hundreds of miles without any diminution m 
thickness 1 • 

No fclspai is found in the fragments of slate and schist ombodded in tho 
granite, and as the theory under consideration requires us to believe that these 
fragments were subjected to all the conditions to which the gramte was subjected, 
the advocates of this theory will have to explain how lumps of foliated schist, or 
laminated slates, which were subjected to tho aqueo-igneous agencies that reduced 
the main mass into a highly felspathic porphyritic granite, escaped being molted 
down and incorporated m the granite along with the rest of the sedimentary beds 
that supplied the material for tho formation of that rock^ 

Is it to be believed that these lumps were subjected to all the influences that 

1 See map attached to the Manual of the Geolog) of India 
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prevailed to produce the extreme metamorplmm of the highly telepathic porpbyn- 
tic granite, and yet that no felspar was formed m them ? r 

The onus of explaining these difficulties rests on those who advance the 
theory under consideration, if there be any such, and until these difficulties are 
explained I think it would be mere waste of time to discuss this supposititious 
theory further 

Those who have worked, even a little, with the blowpipe, know how power¬ 
fully a moderate amount of felspar acts as a flux on quartz, and m view of this 
fact, it seems to nne almost self-evident that the schist would have lost its fine 
parallel foliation, and would have beqn melted down and incorporated m the highly- 
felspathic granite, had not the latter lost much of its heat, and had it not 
advanced considerably towards final consolidation, before the fragment of schist 
found its way into it 

The past history of the inclusion cannot be the same as that of the granite 
The only explanation that satisfies my mind, and harmonises all the facts, is that 
the felspathic gneisaose granite is an intruder m the rocks where we now 
find it, and the unfelspathic schistose inclusions are fragments of the rocks 
through which the granite passed on its way to its present position 

Mr J Arthur Phillips, in his papers 1 on “ Gone retionary Patches and Frag¬ 
ments of other rocks contained m Granite, ” came to the conclusion that the 
inclusions contained in granites are of two distinct kinds “ Those of tjie first 
class are the result of an abnormal arrangement of the minerals constituting the 
granite itself, whilst those belonging to the second represent fragments of other 
rocks enclosed within its mass ” 

In the case of slices Nos 5 and 6 (ante) I was long in doubt whether these 
inclusions represent those of Mr Phillips’ first or second class,—namely, whether 
they are nodules of segregation or are fiagmcnts of foreign rocks m a more 
advanced stage of metamorphism But it seems to me, on further consideration, 
that they are more probably the latter than the former 

If it be granted that granites contain fragments of foreign rocks, it seems-to 1 
me that we ought to expect to 'find thqae fragments m every stage of arrested 
fusion Fragments caught up before the granite had lost very much of ^its heat 
would surely be on the verge of digestion, and if the process of assimilation were 
to he ariested before its completion, the fragment would approximate closely 
m structure and composition to the granite itself 

This hypothesis, it seems to me, accounts more naturally for most, if not for 
all, doubtful cases, than the theory 6f segregation 

Even the case put by Mr Phillips, m his second paper, of large crystals of 
felspar growing out of the matrix into the mclusion, may, I think, be explained 
on the hypothesis above suggested All who have studied thm slices of rocks 
under the microscope must be familiar with the fact that felspars and other 
crystals grow, as it were, by successive additions to a central core, the succes¬ 
sive zones of growth m samdme, hornblende, augite, and other minerals, being 
diati nctly visible under the microBeope Dr Sorby has shown, m the case of quartz, 
that the additions to a crystal, or fragment of a crystal, made at a comparatively 
late opoch m its history,—as for instance, to grains of quartz m a sandstone,— 

» Quar Journ Q S, XXXV, p 1, and XXXVIII p 816 
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are often m optical continuity with the portions upon which they form Sup¬ 
posing tfhen, a felspar crystal in the matrix were in contact with the edge of an 
inclusion, I do not see why, m the event of the mineral matter contained in the 
inclusion being subjected to sufficient aquto igneous heat to produce molecular 
freedom of action, the molecules of felspar contained in the inclusion, or intro¬ 
duced into it from the granite, should not be attracted by crystallographic 
moleoular polarity to the felspar m the matrix, at the edge of the inclusion, and 
form on it Indeed, I think this would be very likely to happen, and the 
appearance of a felspar growing out of the matrix into the inclusion might be 
produced in this way, even in true fragments of foreign rocks imbedded in 
granite 

Of course, this could only happen when the foreign fragment was imbedded in 
granite m a highly heated condition In the case of the long splinter of schist 
a fragment of which is depicted in the plate attached to this paper, it is clear that 
it must have been included m the granite when the latter was already partially 
consolidated, and had lost a considerable part of its heat 

I have found on other grounds, m my previous papers, that the gneissose 
granite had partially consolidated before it was intruded into the stratified rocks, 
and the evidence afforded by the fragment of schist under consideration con¬ 
firms this conclusion The schist would not have retained its fine foliation 
had the granite been m a fluid state, and at the high heat indicated by that 
condition 

To conclude, I think the evidence available is sufficient to show that the 
majority of the Dalhousie inclusions are really fragments of foreign rocks im¬ 
bedded in the gneissose granite, and if so, the farther inference that the gneissose 
granite which contains them is an eruptive rock seems irresistible 

The result of this independent investigation, therefore, is to strongly confirm 
the verdict on the gneissose granite arrived at on a consideration of other 
evidence _ 


Report on the Geology of the Takht-i-Sulemau, by* C L Griesbach, Geological 
' Survey of India (With two plates ) 

The following noteB on the geology of the group of hills of which the Takht-i- 
Suleman is the culminating mass, nearly due west of Dera 
Ismail Khan, and situated m Afghanistan, were made by 
me during the progress of the expedition under General Kennedy, which in 
November last year was undertaken for the jShrpose of affording a survey party 
under Major Holdich, R E , an opportunity of conducting oertam observations 
from the highest of the Takht peaks 

I was attached to this expedition officially, but, as was natural under the 
circumstances, opportunities for a regular geological survey were limited, had 
it not been that the country traversed was very barren and thus very favourable 
for my work, even so much could not have been done as is here presented Al¬ 
though these notes and the accompanying sketch map are accordingly of a rough 
nature only, still I believe they give a fairly correct idea of the geological struc¬ 
ture of this portion of the Suleman range,—a region which had never been visited 
by any geologist, or indeed by any European 
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Progress of the ex 
pedition 


The expedition started on the 15th November 1883 from Dera Ismail Khan, 
consisting of a brigade under Brigadier-General T 'G Ken¬ 
nedy, 0 B , the Survey of India was represented by Major 
Holdich, R E , whom I have to thank for the sketch map 
of the topography of the Takht region I was attached to the expedition by 
order of the Government of India, to conduct the geological survey of the area 
The route followed by the troops after arrival at Draband was by the pass 
known near its entrance as the Shekh Hydur Ascending the Zao stream, along 



Fig 1 1 The Zao defile 
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its narrow defile (see fig 1) through the mam range, we eventually crossed the 
dmde*between the Zao and Draband streams, north-west of the Kaiscrghar ndge, 
and gamed the Pazai Kotal, which forms an easy ascent to the Takht “Maidan,” 
one of the routes used by the pilgrims to the holy shrine on the top of the Takht- 
l-Suloman The west slope of the Koiserghar ridge is greatly denuded, forming 
extensive undercliffs with deep ravines and precipitous and high escarpments 
above The path beyond the Pazai Kotal leading up to the Maidan is along the 
crest of a buttress or neck left intact between two streams 


Here our expedition met with considerable resistance, one of the sections of 
the Sheorani tribe, the Kidderzaies, strengthened no doubt by many of the 
unruly “ budmashes” of these hills, prepared rude defences., on tho rocky ap¬ 
proaches to the “ Maidan,” and showed that they meant to contest our ascent It 
became necessary, therefore, to take the position by force of arms, which was 
offectually done on tho 26th Novembor, and the road to the “ Maidan” cleat ed 
The final ascent of tho highest peak of the group, the “ Kaiserghar” (north peak), 
was effected on the 29th November by the survey party and myself, the escort 
being under command of Colonel MacLean, 1st Punjab Cavaliy Tho return 
march was conducted along the same route 


The very extensive and clear views which are obtained from a few of the 
high points (see profiles, PI I and II) greatly aided me in tracing out tho 
geologieal structure of the region, the country is very barren, and several of tho 
beds hereafter to be described are easily distinguished owing to their characteris¬ 
tic bright colours 


I am writing in the field away from the resources of a library, but I believe 
I am not wrong in saying that wo knew nothing definite 
Previous observers relating to the “ Takht” geology itself, this region never 

having been visited by any European But a fair guess might have been made 
as several of the adjoining regions had been noticed by former travellers, and 
recently a skotch survoy of the Suloraan hills was completed up to the 30° 30' 
latitude by Mr Blanford, lato of the Geological Survey of India 

* 1840 1 None of tho observers noted marginally actually tra 

Fleinlbg, 185* 3 versed any portion of the area described by me Yigne 

Stewart, 1880 * went through the Gomal pass, but his notes hardly aid in 

Verchere, 1867 elucidating the geology of the Takht 

Fleming refers to a tract of the Suleman hills smee described by Blanford 
Dr Stewart’s and also Dr Verchere’s notes have no direct bearing on the 
Takht region, but the first mentions the occurrence of beds near Kanigoram, 
slaty with thin sandstones, apparently below the nummulitic senes which may 
possibly be of lower cretaceous age, and perhaps identical with those west of the 
Takht 


1 Personal narrative of a visit to Ghazni, &c, Lond, 1840 
3 Quar Jour Geol Soc, Lond, Vol IX, p 846 
1 lour As Soc Bengal, Vol XXIX p 814 
« Ditto ditto, Vol XXXVI, pt 2, p 18 
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Mr V Ball, then of the Geological Survey of India, was the first professional 
geologist who travel sod the Suleman range, arid has 
Ba , 1874 given 1 a report of the geology of the range which he 

crossed by the Sin Pass wost of Dera G-hazi Khan 

The ground described by Ball has Bince been reported on by Mr Blanford, 8 
and I will therefore content myself with noticing a few 
Blanford, 1883 0 f remarks made by the latter, as far as they bear upon 

the geology of the Suleman range only, his memoir contains criticisms of my 
work in the Bolan end Quetta neighbourhood, some of which no doubt are ]ust 
enough, but to several of his remark# I would take exception, and hope to have 
an eatly opportunity of doing so According to his report, the physical features 
of the Suleman hills in latitude 30° 30', up to which his report extends, seem 
muph the same aB those further north, where the Takht-i-Suleman forms the 
highest portion The mam range consisting of one or more distinct ndges is 
skirted eastwards by low undulating hills mostly of tertiary age which are 
fringed by a well marked range of siwahk rocks along the margin of the Indus 
plain The following is Mr Blanford’s list of formations — 


Systems or mq]or divisions 

Sub-divisions 

Suleman 

Geological age 

• 

5 Recent and post plio 
cone 

S 

Alluvium of Indus Valley 

Gravels of slopes, Ac 

/ Recent end post- 
C pliocene 

4 Siwalik or Manchhar < 

Upper ^ 

1 Conglomerates 

2 Sandstones and clays, Ac 

j Pliocene 

C 

Lower 

Sandstones, clays, Ac 

Upper Miocene 

8 Nan 

Upper 

Sandstones, clays, Ac 

Miocene 

2 Eocene ^ 

Upper 9 

Lower 

Olive clays, shales, sandstones, Ac 

Coarse brown sandstone 
• 

i Eocene 

) • 

1 Cretaceous . | 

• 

1 Hard whitish sandstone gnt 

2 Dark grey limestone passing down 

wards into limestone shales 

| Cretaceous 



m 



It will be seen from the following pages that the mam divisions and beds 
described by Blanford have also been identified by me in the Takht region It 
will be apparent from my table on page 182 that, whilst some of Blanford’s beds 
are wanting, there are several which seem peculiar to the Takht, unless it be that 
they are present in the hills west of Dera Ghazi Khan, but have not been recog- 


1 Rec G S I, Vol VII, p. 146 
* Mem G S I, Vol XX. pt 2 
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nised by my colleague, he never having actually crossed the high range of the 
Suleman hills 1 

The Takht-i- Suleman is here understood to be the group of peaks, which 
, . . together form a more or less square block or massif 

amongst the neighbouring ndges It forms part of the 
long range known on our maps as the Suleman range, which in the area now 
visited has a due north and south strike (see Map) The drainage belongs to the 
Indus system, and the two valleys with which this report deals are those of the 
Zao and Draband 9 streams, both forming cross valleys through the mam range, 
the first known as the Zao defile, and the secend as the “ Gut ” 

The general features of the ground are strikingly simple The high region 
consists of two principal masses, the Takht (with the Zao 8 ) hills and the Slun- 
ghar (with the Karzbma 4 ) forming the axis of the range and consisting of the 
oldest rocks of the area 

The valleys of the Zao and the Draband nse between 3,000 and 4,000 foot 
above aea-lovel The defile of the Draband stream (the Gut) divides the range 
into the Zao hills (north) and the Kaiserghar or Takht hills (south) East of this 
range, and skirting it, is a belt of lower ranges, much denuded by the Suleman 
diamage, and which, roughly speaking, form a sort of trough, of which the 
Suleman hills form the western and the outer hills of Siwalik rocks the eastern 
inn. The latter form gemeiolly the boundary between India and Afghanistan 



Fig 2 View of the * Maidim * with the Ktuserghar 

The massif of the Takht itself may be described as a high tableland (about 
8,000 feet above sea-level) (fig 2) bounded on its eaBt and west margins by high 

1 See page 123 of his report 

* Major Holdich informs me that this stream is called the Lcrtinrawest of the " Out ” 

1 Zawa, Zawoghar of the map 

4 On the map Kninjbma • 
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rims formed by parallel ndges of rugged and steep outline The western ndge 
presents the highest peak (see fig 2) or Kaiserghar (11,300 feet), and the Sastem 
culminates m the celebrated Taklit-i-Suleman (see fig 3) 11,070 feet 



This tableland with its two 
parallel runs is altogether 
formed by a huge cap (if I 
may use the term) of coral 
limestone, to be presently 
described The entire Maidan 
and part of the slopes of the 
bounding ranges are covered 
by a fine forest of the chilkosa 
or edible pine The scenery 
is striking and fine, the forest- 
covered Maidan itself being 
quite park-hke in its general 
appearance As might have 
been expected, water is only 
found in the deep ravines 
during the rainy season, 
when we ascended the hill, 
the only water obtainable on 
the ground was derived from 
the patches of snow lying in 
sheltered places of the Maidan 
and on the higher slope of the 
Kaiserghar 

If ever this magnificent 
table mountain should be used 
for a settlement, water would 
have to be stored foij the dry 
season, as has to be done m 
several similarly situated loca¬ 
lities There is now the dry 
basin of a naturally formed 
tank on the Maidan, which 
could of course be enlarged 
and deepened. 

The climate is magnificent, 
and in November was intense¬ 
ly cold in the mornings 

There is (I am told) an easy 
road leading to the Takht 
from Drazand, which is usual¬ 
ly taken by the pilgrims com¬ 
ing from India 

In the profile (b, PI I) I 
have given a view over the 
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Mmflnn from the top of the Kaiserghar -which will illustrate the feature of the 

tableland with its two parallel ranges 

. I found the following formations and beds represented 

Geological reanlts , , - 

(see also fig 4) —> 
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Geological age 


Recent and poet pliocene 

Pliocene • 

Miocene 


j ( 


Eocene . 


Cretaceous 


Sab divisions 


Recent 

Upper Siwaliks 
Nan f 


Upper 

Lower 

Upper 

Lower 


Nnmbor 
in the section 
(see map) 


ia 

11 

10 


7 

6 

5 

4 

3 

a 


Dsbobiptioit or rocks. 


Sands and gravels of the Indus plain 
Gravels and fan deposits 
Conglomerates and sandstone with clays 
Reddish brown to orange coloured sand 
stone, with bands of shales, grits, and 
clays, fossils 

Intensely bright coloured, red and olive 
green clays, with dividing beds of sand 
stone ana sands, fossils 
Coarse brown sandstone and grits, fos 
Mils 

Black carbonaceous shales (locally at 
Gandera Each) 

White limestone, fossils 
White and grey coral limestone 
Earthy shales 

Hurd sandstone with limestone beds 
Coarse brown sandstone, fossils 
Grey shales with calcareous irregular 
beds, fossils 

Black and dark grey shales with lime 
stone partings and concretionary no 
dules 


Detailed description of section 

As mentioned before, the division of the ground into (1) the Suleman range 
and (2) the outer or fnnging hills is striking m the 
Two distinct areas extreme, and geologically the two areas are distinct, the 

Suleman range (where I crossed it) is formed entirely of rocks belonging to the 
cretaceous epoch, whereas the outer hills are all composed of tertiary and recent 
formations It will be easiest therefore to begin the description of the section* 
with tho mam range t 

9 

1 Suleman hills ^ 

That portion of the Suleman hills which I had the good fortune to visit* 
including under this name the parallel ranges of the 
Takht (with the Zao hills) and the Shinghar (with the 
Karzbma), entirely made up, I believe, of the oldest 
rocks found in this part of the country The greater mass of the range or ranges 
is composed of cretaceous rocks, but it is quite possible that the lowest bod of 
the series shown m the table and section as bed (1) is of j urassic age 

As will be seen from the figured section, the Suleman range is formed by one 
or perhaps more great folds of the cretaceous senes When viewed from the 
east, i e, tho Indian side, all that seems clear is that the beds have a dip due 
east, paging under the tertiary beds of the outer hills The short Zao defile, while 
exposing the rocks completely, affords little information as regards the structure 

i cosos where I refer to the “ section ” tho ulcul section is moil it bp 4 


Cretaceous rocks of 
Suleman bills 
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of the range The rocks through which the defile cuts are greatly jomted, hut it 
seems clfear that the dip which is at first east becomes steeper, and eventually turns 
round to about 80° west Near the stone in the defile, known as the Sar-i.S ang 
(fig S)> the beds are raised up vertically or nearly so Water percolating through. 



Fig 5 Hie Snr i Snug in tin* Znn dtflle 
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(1) Blade shales 


open joints and between the bedding has here and there removed portions of the 
limestone beds, leaving caves, some of them of considerable extent At*several 
points water issues m the form of springs out of openings between the jointed masses 
of the limestone beds One of these springs in the defile has a temperature of 74° 
and seems to contain some mineral m solution It is perhaps possible that the high 
temperaturo is owing to heat evolved by the decomposition of iron pyrites, common 
m the shaly layers between the lower cretaceous sandstones The dip becomes uni¬ 
formly west on emerging from the defile, and remains so m the Shinghar range 
It was only aftei® I had made two short excursions into the western parallel of 
the Suleman hills, one to the Karzbipa, and another to the lower slopes of the Shin¬ 
ghar hills nearly opposite the Kaiserghar, that I could clearly make out the struc¬ 
ture This is especially well seen in the Kotal Zawasir forming the divide between 
the Zao and Lohar (Draband) streams, and connecting the Shmghar with the Zao 
range The Kotal is shown m the profile PI II, near the left side of the view 
The anticlinal which forms the Kotal Zawasir is composed of the oldest rocks 
seen in the area When I say that they bear a strong 
resemblance to the Spiti shales of the Himalayas, most 
Indian geologists will recognise the character The shales are dark grey and 
black, crumbling m small fragments and splinters, with a few layers of limestone 
and traversed by numerous calcareous veins Here and there numbers of black 
concretionary nodules occur, but I have not found any fossils m them, nqp m the 
dark shales It is this great resemblance to the jurassic Spiti shales of the 
Himalayas which makes me feel doubtful concerning the cretaceous age of these 
shales At all events they form the lowest beds m this range At the Kotal 
Zawasir (see section and PI II) they form the centre of the anticlinal and are found 
nearly vertically raised up, dipping gradually both east and west They may be 
found, more or less, along the entire west side (left bank) of the Lohar valley 
Overlaying the dark shales, on both sides of the anticlinal axis, follow lavender 
grey coloured marly shales of very even texture, accom¬ 
panying them are thm irregular beds of limestone, sand¬ 
stone, And ferruginous shales, the exact succession and 
respective thicknesses I could not ascertain But on the whole I received an 
impression that the grey shales were the predominant feature of this sufe-division 
In the ferruginous sandy shales I found some wretchedly preserved specimens of 
Ammonites, much crushed and in a state quite beyond specific identification 
They belonged to a species with strong transverse nbs 

Next in succession above these Ammonite beds come again on both sides of 
the anticlinal (3 m section) brown coarse sandstones and 
grits with ferruginous concretionary partings, the boun¬ 
daries between the sandstone and the beds below and 
above them are not only not defined, but the beds evidently pass gradually from 
one into the other The thickness of the coarse sandstone is not great The 
upper beds become gradually fine-grained, even-bedded, mostly consisting of a 

whitish brown or speckled quarts sandstone, with an occa- 
(4) Takht i Suleman slona j calcareous bed intercalated, towards the top of this 

group the limestone beds become more and more frequent, 


(2) Lavender grey 
shales, &c 


(3) Brown sand 
stones 
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and fhen contain corals, Which however arc only seen on the ■worn surfaces of the 
limestone, Toeing completely assimilated with the rock A few fragments of 
strongly ribbed Ammonites have been found by members of the expedition, but 
none of them would permit specific identification ^ 

This is probably the group also found by Mr Blanford to compose tho greater 
mass of the mam range of the Suleman hills west of Dera Ghazi Khan The 
thickness I can only guess to be not less than 800 to 1,000 feet As will be seen 
m my profiles PI I a, and Pi II, and in the section fig 4, the lower half of the 
western slopes of the “ Takht ” and the Zao tanges and also the greater part of 
the eastern slope of the Shinghar range anc formed of this character!she sand 
stone formation In calling it such I do not wish it to bo understood that it is 
by any means a homogt neous sandstone mass , on the contrary, towards the top 
especially, it becomes difficult to determine it either as sandstone or limostone> 
both being present The uppermost part of this sub division seems to contain 
more limestone beds than lower down 


The sandstone group (4) is overlaid on the Takht i-Suleman side of the 
Lohar valley by a band of porbaps 50 to 100 feet of yollow- 
of^the^Cotal ear ^y ish brown oarthy beds with argillaceous shales and clayey 

beds I have not observed this band on the Shinghar 
and Karzbina side of tho valley, hut then the ground is less favourable for 
observation on that side, and I could not devote much timo to that range Seen 
from the opposito side (from tho west) the shaly band runs m a lino from just 
above the Pazai Kotal to above the village of Niaz Kote, south west of tho 
Kaiserghar (see PI II) The bed is of considciuble economic importance, as on it 
apparently colit ets all the water found m tho Takht range during the dry season, 
the superimposed limestone permitting all the moisture to percolate through its 
joints and fissures The bed also marks a decided change in the rock formations 
The streams which supplied our camp with water at tho Pazai Kotal and the 
springs above the village of Niaz Kote all issue from this horizon 

Above this lower group of sandstones and shales I found huge masses of 

, almost unstratified coral limestone of generally a light 

(6) Co Ail limestone ^ J 6 

I grey colour But dark grey masses of dolomitio character 

are not rare On tho whole, it reminded me of some of the coral limestones of the 

Quetta neighbourhood, although the latter may possibly be somewhat older 

The limestone is shown in the profiles of both plates (I and II), and m the 

section as (6) The appearance of this nearly unsttatified mass of limestone, m 

which nothing but corals is observable, suggested to me the possibility of it 

being the remains of an ancient coral reef This idea would receive additional 

confirmation by the fact that the upper coral limestone is more or less of local 

nature only , from Blanford s researches it would appear that tho uppermost bed 

of the cretaceous group of the Suleman hills west of Dera Ghazi Khan is the 

whitish sandstone, which may correspond with bed 4 of my section, always 

supposing that this want is not owing to denudation 


The thickness as seen on the Kaiserghar range may be at a rough estimate 


'thickness and *xtent 


about 4,000 to 5,000 feet, if not more It composes more 
than the upper half of the Kaisergbai and the Zao lunges, 
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(7) Nummulitic lime 
■tone 


und, as might have been expected, the whole of the “ Takht ” owes its peculiar 
configuration to this solid cap of limestone It has (m the Kaiserghar fange) 
an average dip of 20° to east Not only the “Maidan,” but also the parallel 
x ranges of the Kaiserghar and the Takht-i-Suleman are composed of this coral lime¬ 
stone The very top of the former I found of the same homogenous composition 
The bedding of it on the Takht is seen to be veiy little inclined to the east, 
but beyond it the dip quickly becomes steeper, and the coral limestone may be 
seen to dip under the next higher group, which as far as I could judge from my 
point of observation, the Kaiserghar peak, seems to rest conformably on the 
Takht limestone 

The crest of the Shmghar range appears also to be composed of the coral 
limestone (6) 

The Karzbma point is composed of sandstone (4) (in fig 5), but the crest of 
the range further west is evidently composed of other rock forming a high 
escarpment m many places Blocks and debris of the coral limestone are also 
found in •the ravines coming from the Shmghar range 

Outer hills —Blocks of limestone, mostly rolled and containing nummuktes, 
were found along our line of march in the Zao, below 
Gandera Kach The rock had quite the concretionary 
appearance which is common to the nummulitic limestone 
of parts of the Bolan, and, as I have since found, of parts of the Salt-range } It is 
a light grey to white dense limestone, separating into concretionary masses, 
which feature gives it the appearance, from a distance, of a coarse conglomerate 
I was not able to leave the road for any distance from our camp of Gandera 
Kach, near the entrance to the defile, and as the coral limestone of the Zao range 
ib there quite exposed by denudation, and all the older tertianes are removed oi 
concealed by extensive gravel deposits, I never saw this nummulitic limestont 
actually in situ That is to say, I have not been able to lay hands on it, for it 
appears to me more than probable that the much denuded and steep hills which 
are seen to skirt the Takht and Zao ranges on the east are composed of this rock 
These skirting hills are so mush a feature of the ground that they are easily 
recognised on the map, where as also in my profiles (Pi I, a and b) and in my 
section I have maiked them as nununulitics * 

As has already been explained, the area lying immediately east of the Takht- 
l-Suleman is a belt of lower undulating hills, about 12 
miles broad, greatly denuded by the Zao and Draband 
drainage, ancMiounded on its eastern margin by somewhat 
higher and rugged hills belonging to the upper Siwaliks All this ground 
between the rugged hills’marked as nummuktic limestone and the Siwalik outer 
hills, where not covered by recent gravel deposits, is composed of beds of lime¬ 
stones, clays, and sandstones with fossils, which in age range from the lower 
eocene to the miocene 

Time did not permit of a more detailed examination of the area, nor were 
the opportunities and the state of the country favourable for such work All 
I Could do was to separate on the map these tertianes from the overlying 

1 As for instance north east of Musakheyl 


The tertianes of the 
Zao and Draband valleys 
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siwahks on one hand and the supposed fringing belt of nummulitic limestone on 
the other 

Judging from the one line along which we traversed this area, it seems pro¬ 
bable that the rocks composing it form several folds, which are much denuded and s 
locally obscured by large deposits of gravels But the succession of beds, as 
nearly as could be ascertained, is as given m the table, page, 182 of this paper. 
Below the clays and sandstones, which form the low undulating hill ground 
Doubtful horizon of ^e ^ao an d Draband rivers between the Takht range 
certain tertiary lime and the outer (Siwalik) hills, certain white and light grey 
8tODeB bedded limestones crop up, which contrast markedly with 


the overlying deeply coloured days They are flaggy and extremely hard, 
search in them revealed nothing but sections of Gasteropoda and some doubtful 
fossils Nummulites I have not found in them, but their position below the 
undoubted eocene clays and sandstones of this ground, and also a certain resem¬ 
blance lithologically with the nummulitic limestone boulders found there, would 
suggest that these bedded white limestones of the Zao belong to the uppermost 
portion of the nummulitic limestone (7) The skotchy nature of my recon- 
naisance of this valley has not permitted to distinguish these outcrops on the 
accompanying map of the ground. 

Especially well exposed is it m the river bed between the camping grounds 
marked on the map as Guldad Kach and Gandera Kach, where it forms consi¬ 
derable cliffs on both sides of the nver In position it is best seen just north of 
Guldad Kach, where the sandstone (8) and the clays (9) are seen to rest quite 
conformably on it There also the unconformity between this tertiary group 
and the upper siwahks is very striking 

It apparently is m situ in many places in the valleys formed by the Draband 
drainage, as can be seen from the Kaiserghar peak, from which a good view of the 
whole area was obtained (see b, PI I) It seemingly forms a low escarpment 
facing the east (and the siwalik hills), behind which (westward) follow the 
intensely coloured rocks of the upper eocene formation 


Near* the entrance to the Draband valley m the fringing outer (siwalik) hills, 
the white limestone may be seen with its upper green and red beds dipping 
westwards and unconformably overlaid by the conglomerates and sandstones of 
the siwahks 

Between this limestone (7) and the rocks marked (8), (9), and (10) in the section 
there is not a trace of the slightest unconformity, whereas 
o ormi y the most marked discordance between this group and the 

younger siwahks is observable The still younger gravels and fan deposits of the 
Zao are of course unconformable to both the older tertianes and the siwahks 
The next higher beds are formed by dark brown coarse sandstones and gnts, 
they are present in all the outcrops of the tertiary beds 
(8) Sandstone, Ac m the numerous streams about Guldad Kach, and are 
seen to qnderhe the ohve and red clays (9) and to rest on the white limestone 
(7) Apparently it contains many fossils, and a larger collection might have been 
made had time permitted Nummulites, many bivalves (Pecten), and other 
ossils are found m great numbers > 
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Black shales 


(9) Upper Eocene 


This sandstone is easily recognised and distinguished from the sandstones 
found at higher horizons The material of which the beds are made is evidently 
calcareous, and in places is nothing else but a breccia composed of limestone 
^^fragments and shells 

It is very probable that this horizon is identical with the sandstone (lowei 
eocene) described by Blanford 1 from the Suleman range 

Locally near the camping ground of Gandera Kach in the Zao valley, 1 
noticed a bed of black carbonaceous shale intercalated 
between the sandstone (8) and the white limestone (7) 
There aie partings of shaly sandstone in these friable black shales, and there 
seems no definite boundary between the latter and the coat so sandstone with 
Pecten, &o I have only noticed these shales at that part of the Zao valley, 
and it may be possible that it is a local development only The resemblance ol 
the black shales with the coal bearing beds of Much m the Bolan is lemarkable , 
I searched in consequence tor coal seams, but found none I am told by Colonel 
MacLean, 1st Punjab Cavaliy, that coal seams are found further south in the 
neighbourhood of the Dana pass, but it is not known in which horizon they are 
found 

There is a marked contrast between the eoarso sandstone beds (8) and the 
overlying beds Without any appearance of gradual pass¬ 
age, there appear suddenly, m perfect conformity, olive green 
and densely Indian rod clays, with only a slight indication of shaly bedding, but 
with partmgB oi rusty brown sandstone They aie very rich in fossils, in fact 
they appear more oi less made up of foiamimlera, bivalves and corals I am sorry 
to say that our daily marching prevented my making a good “ bag ” of them, but 
still the collection made will assist in defining their exact horizon w he n compared 
I have little hesitation in identifying this clay group with the olive green 
clays of the upper eocene of the buleman bills, described by Blanfoid, 

The olive green and red clays occupy neatly all the slopes ot the low hills 
forming the country immediately east of the Takht range Being soft and easily 
earned away by the runs, they fire greatly denuded and tiaveised by deep ravines 
m evuy direction They arc oveilaid by the hardor beds of the next succeeding 
horizon, and consequently the usual effoct of denudation is visible, ^the clays 
and sands of the upper eoceuo are gradually xemoved by denudation and disintegra¬ 
tion, whilst the more resisting sandstones of the higher beds slip after them The 
uuderchfE is therefore generally made up of blocks and slippod masses of the higher 
beds, whilst the latter form steep escarpments above the bright coloured clays (9) 
Fiom the high point Karzbina (see profile a, PI I), I obtained a good view 
of some of the country forming the lower Zhob and Gomal valleys As far as I 
can form an opinion from such a distance, the tertiary beds and amongst them 
the bright coloured clays of the eocene senes are largely represented in these 
valleys, at least bands resembling those seen in the lower Zao are seen to take 
part in the formation of the hills on the lower Zhob and Upper Gomal Some 
high hills south-west of the latter also seem to belong to the tertiary group 
A visit to this ground by a geologist ought to be extremely interesting 


1 Mow, G 8 1, Vol XX, Pt 2, p 36 
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Conformably resting on the bright coloured strata (9) of the upper eocene, 1 
(10) Miocene beds met a group of locks, mostly sandstones of a blight reddish 
biown, weathering orange coloured, with subordinate beds 
of sandy shales and clays Some beds become locally grits and here and there are 
almost conglomeratic They are well seen in the nearly flat-topped hills north¬ 
west of Guldad Kach, where they form steep escarpments above the upper eocene 
In places they contain many fossils, mostly foramimfcra and cox als, but nono in 
very favourable condition 

I believe I may safely identify these beds with Blanford’s Nail beds of the 
Suleman range, which he considers to be ot miocene ago 

All these beds are of marine origin and are continuous m succession, not a 
trace of unconformity being traceable thioughout, from the lower cretaceous of 
the Lohar valley to tho miocenc sandstones ot Guldad Kach 

The tertiary beds of the Zao and Draband valleys are seen to be overlaid 
Siwaliks unconfoimably by two distinct formations of gravels^ 

conglomerates, sands, and sandstones 

The older foi matron of these two occurs, so far as I have observed, only m a 
more or less narrow belt, just fringing the mar mo tertiary zone east of theTakht, 
where it forms a high rim as it were or will of brokon and jagged outline So 
far as outward physical appearance goes, there is no difficulty whatever in at 
once identifying this fringing belt of hills with the Manchhars or Siwaliks of 
Bilrchistan, which 1 have seen myself, and no doubt they are a continuation of 
the siwaliks of the hills west of Gera Ghazi Khan as described by Blanford 

The beds composing these hills of siwalik rocks all dip to the east and are 
seen along the whole line of boundary to rest perfectly unconformably on and 
almost at right angles with tho marine tertiary beds below This feature is 
especially well seen west of tho gorge whu h the Zao stream has cut through 
these locks, which is called tho Shekh Hydur Pass, and may also plainly be 
observed in a similar position, near the Draband stream goige, m these rocks a few 
miles south of the Shekh Hydur Pass 

AppaVently only the upper beds of tho Manchhars or Siwaliks are represented 

I in the sections cast of the Takht, and of them only a small 

represented PCT Siwallks thickness (comparatively) is exposed With the exception 

* of irregular and thick beds of a coarse brown sandstone, 

with gritty portions and a few clay beds, the wholo group seems to be made up 

of coarse conglomerates of eocene and cretaceous limestones, cemented togethei 

by a sandy matrix Fossils I have nono out of it ToVards the Draband valley 

the ssone seems to dwindle m width, the dip increasing and the beds disappearing 

beneath the alluvium of tho Indus plain of Draband 

Distinct from the conglomerates of the outer or siwalik zone are the vory 

^ extensive deposits of gravels and sands, which I found to 

Fan deposits , . . „ 

rest more or less horizontally on the manne beds of the 

Zao vallfey To distinguish these extensive deposits on the map was quite im¬ 
possible, as the outlines of the overlying patches are doubtless very complicated 
and would require a closer examination than I could have devoted to this hostile 
district In general appearance they icsimble the upper siwaliks as seen in the 
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fringing belt, as far as 1 eonld form an opinion, angular fragments of rocks, 
some of very large size, are common m the gravels and conglomerates of the fan 
deposits Portions of the siwalik hills near the Shekh Hydur Pass are also 
^overlaid unconformably by the more recent gravels, so that 1 believe myself to be 
right m separating them altogether from the former, as also from the recent 
alluvial beds of the Indus drainage 

The gravels of the “fans ” increase m thickness as we near the mam range of 
the Takht, and where out through by the streams (such as the Zao) the thick- 
ness of tho gravbl deposits is seen to be some 500 or 600 feet Towards the 
siwalik belt the thickness is reduced to a few feet 

I believe the recent gravels belong to one or more huge fan deposits of an 
older drainage of the Suleman hills As the denudation went on m the softer 
locks of the tertiary, no doubt new channels were cut and much of the fans 
again removed, and the gorges of the siwalik outei hills formed, leaving patches 
of the younger gravels high above the level of the present streams 

Distinct from the fan deposits are the alluvial beds of the present streams, 

Indus alluvium SUC ^ as ^° n ^ er an< * gravel deposits and sands of the 

Zao and Draband streams and the fine silt and clayey 
sands of the Indus valley east of the hills of upper siwalik age 

To this most recent formation of debris of course belong the taluses of the 
various ranges and the huge boulders which have caused so much trouble to the 
caravans passing through the narrow defiles of the Suleman range, such as, for 
instance, the Zao defile In some parts this defile seems filled with a confused 
mass of strange shaped limestone boulders, and at least one is a well known, and 
I might almost say, histone boulder, i e , the Sar-i-Sang (see fig 5) Others 
are denuded by the streams into strange shapes, such, for instance, as is shown in 
the view, fig 1 

Their ongm is simple enough, most of them belong to the dense grey coral 
limestone of the upper cretaceouB group, the entire mass of which appears to be 
greatly jointed and separated into large solid masses The sides of the defile are 
almost vertical and therefore d&ry little of the disintegration which mugt always 
take place would suffice to send huge intact blocks down the precipitous sides to 
be afterwards worn into various shapes by the tremendous rush of water which 
fills the defiles dunng the rainy seasons The Sar l-Sang has fallen into one of 
the narrowest parts of the defile, where it has jammed itself fast The river 
flowing round it has denuded it into a more or less round shape, whilst gradually 
its base became enveloped* m silt anfi gravels 


Note on the Smooth-water Anohorages of the Travancore coast, by S D Oldham, 

A R S M, Geological Survey of India “ 

On the Travancore coast there are certain spots where, in the height of the 
south-west monsoon, and on a coast exposed to its full force, ships cfln always 
imehor in smooth water These anchorages have long been known to manners, 
and have at various times attracted attention In 1861 they were visited by 
Dr W King, Deputy Supenntendent of the Geological Shrvey of India, who 
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found that the mud which formed the sea-bottom was not only greasy to the 
touch, Wlit on analysis proved to contain an appreciable quantity of oil to which 
he attributed the smoothness of the water, this opinion has, however, been 
criticised by a writer m the Madras Mail (9th April last), who gave a totally 
different explanation, which I shall try to explain as briefly as possible 

In the open sea the particles of water which form the waves move in approxi¬ 
mately circular paths, each separate particle moving upwards, then forwards, and 
so round by a downward and backward motion to its original position, as long 
as the waves are in deep water they move forward as rollefte, but the water 
itself does not move forward except so far as, it is forced forwards by the wind 
m a manner I shall explain afterwards 

Now, if these waves come on to a shelving beach, the particles of water are not 
free to move backwards m the lower part of their course, but are restrained by 
friction on the beach, and the consequence is that those particles which are 
moving forwards m their course get ahead of the others, and the wave curls 
over and breaks But a solid shore is not necessary to make the waves break, 
for suppose it to be replaced by some liquid, like treacle or tar whose particles 
have not nearly the same freedom of motion as water, the lower part of the waves 
would be held back in the same way as by a solid shore, but to a less extent, so 
that the wave could travel further without breaking, but must break at last 

The theory of the writer m the Madras Mail is this We know that during 
the monsoon large quantities of fresh water are poured off the land into the sea, 
that on these mud banks fresh water may sometimes be taken in alongside, 
that in any case the water at the surface is much fresher than sea water, and 
being in consequence lighter, floats out to sea on top of the heavier sea water 
Now, the difference between fresh water and salt is of the same in kind as that 
between water and treacle, though less m degree , the separate partioles of salt 
water have not so great a freedom of motion as those of fresh water, and if, as 
is the case m these mud banks, the salt water is charged with fine mud, the differ¬ 
ence is increased Let us suppose, then, that outside the anchorage is a stnp of 
sea where there is a shallow layer of comparatively fresh water lying upon muddy 
salt water The great waves raised by the soutb/west monsoon roll into this, 
but immediately they reach it the bottom of^Jave is held back on account of 
the lessjpeedom of motion of the particles, \ greater viscosity of the salt 
* water, and^ only this layer of fresh water is brt&,i enough, they will break and 
be destroyed In this way the absence of the largSr waves from these anchor¬ 
ages might be explained But there is another class of waves which, m comparison 

with the first, might be called ripples, these are not large enough to follow at 
anything like the same rate as the wind, for the larger a wave the faster it 
travels, and in consequence the efrests are often blown over by the wind It is to 
these that the small patches of foam are due which may be seen forming on the 
tops of the waves even m the open ocean, and which are often called “breakers ” 
by landsmen, though their true nature is very different from that of the 
breakers formed on shore I have not any definite information as to whether 
these may or may not be seen on the anchorages, if they are not, it is most 
probably due to the oil in the mud, which, however, would hardly account for 
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the absence of the largor -waves raised by the monsoon acting on hundreds of 
miles of sea * 

At present so little is known of the facts regarding these anchorages that no 
proper explanation can he given, and it is with a view to obtaining the necessary 
information that the following interrogatory is issued When the answers are 
collected we should be m a position to give the true explanation of these very 
peculiar and very interesting patches of smooth water 

, (xENtRAL # 

1 What experience have you Ijad of the Western coast P 

2 Are you personally acquainted with the smooth-water anchorages of 
Alleppy and Narrakal, if so, about how often have you anchored there P 

3 Do you know of any other similar places on the Western coast where 
smooth water can be found during the south west monsoon ? If so, what kind 
of bottom is found on them P 

4 What is your experience neai the mouths of riveis and other places whero 
the surface of the soa is covered with fresh or brackish water during the mon¬ 
soons P Do the waves in six fathoms of water and over generally run as large as 
in the open sea, or are they markedly smaller ? 

Allfppy and Narrakal banks 

5 Have you ever, during the south-west^monsoon, known the sea over these 
banks to be salt—not merely brackish, but as salt as outside them ? If so, was 
the water smooth or rough ? 

6 Of what sire are the waves ordinarily seen during the south-west monsoon 
on the anchorages at Alleppy and Narrakal, and do they show brokon water on 
then crests to any extent p 

7 Have you ever noticed a film of oil on the surface of the water at Alleppy 
or Narrakal ? 


Notes on Aunferous Sands of Vie Subansm River ,—Pondicherry Lignite ,_ and 

Phosphatic Rocks at Musc*^ / Wild King, B A, D Sc, Officiating Super¬ 
intendent, Geological Survey j, ± idia 

1 —AunferJji s Sands of the Subansin River 

It has been long known that gold is obtainable in a small way from the sands 
of the Assam nvers, but fresh hopes regarding their productiveness have been 
raised through some reported rich washmgs On the 2nd Tune last the follow¬ 
ing telegraphic report was given in the Englishman of that date — 

“ Dibrugabh, Mat 30 

fl 

“Mr Scott Campbell, who has the monopoly of gold washing m North Lnkhimpur, has 
received from Messrs King, Hamilton & Co the results of an analysis of some specimens of 
average washings from the Subansin sands In 100 parts of washed sand decimal 161 of gold 
weie found, being over twenty six ounces per ton Former rough tests by local goldsmiths gave 
about nine ounces per too Specimens of Subansin washings have also been Bent to London for 
analysis Tlie place whence washings were taken is well in Bntish toiritory,below the Pithalibam 
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tea garden Unless the analysts’ figures, as given by Messrs King, Hamilton & Co , are erroneous 
or the sjsecnnens unfair, the Subansm sands must be the richest alluvial gold deposit known 
Mr Campbell guarantees the specimens anal} »ed as average washings ” 

This is sufficiently startling in its suggestions of the nchness of these sands, 
and a leading article on it, m the same paper, attracted the attention of the Gov¬ 
ernment of India 

Subsequent correspondence made me acquainted with the analyst, who wrote 
that he had based his calculation on the Asijay Table m Mitchell’s Manual of As¬ 
saying, which table is ipade out on the proportion that if 200 grains of ore give 
tine metal at such and such a rate, then one ton of ore will yield so much The 
proportion of 161 grains of the telegraphic account had, however, been obtained 
in 100 grains of the material, and by an oversight, the rate of over 26 ounces to 
the ton was given instead of double that amount, or 52 oz 11 dwts 20 grs 

I have italicised the word “ ore ” in the last paragraph, because that word is 
used, in the Assay Table quoted, as a synonym for “ minoral ” or vein-stuff, and 
cannot for a moment be considered as applicable to washed sand Indeed, if the 
term ore is to be used, then the ore in the present case is the Subansm sand, 
not tho washed part of it It is this misuse of terms, and estimation on a parti¬ 
cular filtering or sifting of a material known to contain gold dust, which 
invalidate the whole argument All that has been elucidated by Mr Campbell’s 
find and the assay is that a minute quantity of washed sand gives a good percen¬ 
tage of gold, nothing is vouchsafed as to the amount of river sand which was 
treated for this residue, or of the time and labour consumed in that treatment 

It appears, from previous observations, to be a fairly well established fact that 
the Subansm sands have genet ally given the best yields among the many rivers of 
the Lakhimpur district which itself is one of the most favoured of the auriferous 
regions in Assam For instance, it is recorded that the average yield of the Su¬ 
bansm river, about 1853, was from throo to four pounds of gold for the year 
There is little doubt that impiovtd methods of running such sands through 
cradles should make the out turn better than it ever has been under tho ciude 
manipulation of the native washer but that this -mil ever come near the anticipa¬ 
tions of Mr Campbell is more than tho indications of the rocks of the up land 
country, or the history of gold washing m Asmmrwill allow At tho very best, 
there may be spots in tho great plain of ^J&rahmaputra which hold gold in 
—eomfrqffKnftrty, but the hitting off these is almost chance a thing as can be con¬ 
ceived in so essentially precarious an occupation asjgold prospecting 

There is, moreover, some very suggestive evidence, adducible from actual out¬ 
turns of gold from washed sands m the Lakhimpur 'district, as ascertained by 
Colonels Dalton and Hannay in 1855 

• This gold was obtained partly mSi Californian rrndle washed by four men at Gurumora, 18 
miles below Bhramakhuud Two and a half tons of stuff which were passed through it yielded 30 
grains, or in »lue Rs 2 8 In the native trough (or duruni), washed by three men, the jitld from. 
18 cwt of stuff washed in one d »y was about 12 grains, or in value 1 rupee The natives looked 
upon this as a poor yieled, stating that after a flood they sometimes got doublo that amount.” 1 

It is hardly necessary to point out that this very practical mode of testing the 
1 Manual of the Geologv of India, Pait III, p 225 
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aunferousuess of the sands is of infinitely more value than any estimate based 
on an examination of a sample of concentrated washings # 

2 —Pondicherry Lignite 

Danng the last two years various reports have appeared at odd times 
regarding an extensive and thick deposit of lignite occurring between Pondicherry 
and Cuddalore, which is to be compressed into bncks or patent fuel, and so help 
to relieve Madras from the reproach t of having no coal or other mineral form of 
fuel within its proper borders ( 

Mons Poilay, the Engineer of £he Company which proposes to utilize this 
resource, was the discoverer of the deposit, and it is from this gentleman that I 
have personally and by letter, always received the most obliging information 
concerning its occurrence 

Two thick beds of a dark brown or black deposit, some of which I would 
rather describe as a carbonaceous mud than a lignite, were struck during some of 
the artesian bonng operations m the alluvial flat between Cuddalore and Pondi¬ 
cherry, though still in French territory Subsequent borings were carried out 
at Bavur or Bahour (French), Komakovil, and Aranganur, three villages at the 
corners of an acute triangular area having its longest side, of about 5 miles, 
between BAvnr and Komakovil 

The bonng at Bfivur pierced a bed of this carbonaceous deposit (“ Lignite 
tres noir avec pynte de fer ” of Mr Poilay’s section) nearly 35 feet thick, at a 
depth of 275f feet At Aranganur, nearly 2 miles north-north-east of Bavur, a 
similar deposit (“ Lignite pur ”) over 27 feet thick was struck at 203 feet, and at 
94 feet deeper another bed (“ lignite ”) 5J feet in thickness This last would 
appear to correspond to a very thin streak at Bavur, some 30 feet below the thick 
seam at that place At Komakovil, a little more than 5 miles north-east by north 
of Bavur, a 50 feet bed of “Lignite noir compacto ” was met with at 330 feet 

Other bonngs m the intermediate ground may have been made since the last 
bore sections (dated 20th October 1883) were supplied to me by my friend Mr 
Poilay , but I have received m further information on this point It is assumtd 
that these three bonngs have Vtruck the samo thick bed, and that it may be fairly 
continuous over the triangulares* *at least, as a great bed among the alluvial 
deposits If all this be true an f X the deposit come up to the standard reported 
of it, then undoubtedly Mr /Onlay’s estimate of several hundred nfuuons of to a* 
of fuel is not exaggerated. 1 

Some assays of the material do not, however, bear favourable comparison with 
those which were in the first instance made for the explorers by French chemists 
On the other hand, rather more promising but still unsatisfactory results have 
lately become public, through a report by the Officiating Chemical Examiner for 
the Bengal Government, to which reference will be made further on 

The original assays, given in a preliminaiy notice by Mr Poilay, are suffi¬ 
ciently promising — 

“ The assay of a sample of this lignite, based on a report drawn up by M Fhilaire ** Phar 
maoien de la Marine & Pondichery,” dated 4th May 1882, gives by calcination, 6 uer cent of ash, 
49 per oent of volatile matter, and 45 per cent of coke, dullish black blistered, unequal fracture, 
fnable, without woody texture 
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The elementary analysis gave the following result — 


Carbon 

69 9 

Hydrogen 

6 78 

Oxygen and Azote 

2882 


9400 


“ The calorific power of this combustible, as determined by M Philaire, is 4,182, with a density 
of 11S3 ” . * 

Subsequent examination in Pans gave evin better and presumably more re¬ 
liable results thus, seven samples gave a mean of 8 35 of ash and 91 65 of volatile 
matters and coke 

A comparison is then instituted between the Bavur deposit and the lignite 
of the Bouches do Rhone, m the following table — 



Bdvur 

Bouches de 
Rhone 

Density 

I 183 

1254 

Nature of Coke 

Intumesced 

Pulverulent 

Carbon 

69 90 

63 88 

Hydrogen 

6 78 

4 68 

Oxygen and Azote 

28 32 

1811 

Ash 

600 

13 43 


100 00 

100 00 

Hydrogen m excess 

2 24 

2 32 

Calorific, power 

4182 

6961 


Our own tnals of samples of this deposit gave very different results Mr Poilay 
very kindly intrusted several pounds weight of some to me, which he warned mo 
was not as good as that of the proper thick bectN and which was from the lower 
thin streak This was a nearly black, or brownip’p black, crumbly, Blightly sandy 
carbonaceous mud which soiled the fingt 1 '^^ expressed my doubts as to the 
jmjjlPlJjgflifrc character of the material, but Poilay seemed to have every 
confidence in the sample he was thus confiding^ to my care It was then sub- 
nutted to my colleague, Mr P Mallet, m the Survey laboratory Some 
20 to 25 lbs of the black mud were powdered and well mixed up, a sample of 
which gave the following composition — 


Moisture • 

22 00 

Volatile matter (exclusive of water) 

23 90 

Fixed Carbon 

21 60 

Ash 

32 50 


100 00 


Doesuot cake, aah light buff 
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A former analysis by Sub-Assistant Hira Lai gave— 


Moisture 16 76 

Volatile matter (exclusive of water) 26 66 

Fixed Carbon 84 30 

Ash 22 28 


10000 

Does not cake, ash reddish 

t 

A couple'of months later, Mr Mallet wrote to mo —-* • 

'‘Mr Daly, of the Bengal Pilot Service, Jutely brought up some more samples of the Pondicherry 
lignite, and some manufactured sub cylindrical bricks It is evident that the stuff varies very 
much m composition, as may be seen by comparing these analyses with those previously made ” 



Lignite 

Bnck 

Moisture 

353 

17 4 

Volatile matter (exclusive of water) 

291 

25 6 

Fixed Carbon 

25 2 

23 0 

ABh 

10 4 

340 


100 0 

100 0 


Does not cake. Does not cake, 
ash ochre yellow ash buff white 

This lignite is a black-brown hardened mud, with a few minute sandy particles 
scattered through it, carbonaceous 

The latest examination of the Bavur lignite is that made by Mr Waddell, the 
Officiating Chemical Examiner for the Bengal Government, 1 and here again are 
some cunous results, tnough they do come nearer the original assays put forward 
by M Poilay — 

These specimens of lignite and patent fuel were submitted to Dr Waddell 
by the Public Works Department, Government of Bengal, namely — Lignite in 
its normal condition, Lignite mixed with tar and allowed to dry m block, and 
Lignite macerated and mixed with water and allowed to dry m block The “ lignite 
in its normal condition ” is Inscribed as of a ]et black colour with a somewhat 
vitreous fracture and devoid of\pwoua structure This is, of course, the form 
(normal condition) in which e\p jt one would first of all prefer examining the 
deposit, hut I am bound to sterathat none of the material supplied to the SurvfcfjT 
answers thus description * 

Our specimens answer gather to the macerated lignite sent to Dr Waddell 
which “ was of dark brown colour, dull fracture, thickly sewn with numerous 
white siliceous particles, dry to the feel, and readily crumbled under pressure ” 
except that they were not so sandy or full of siliceous particles 

50 far, it seems very evident that a varied assortment of substances has 
been submitted for examination thus, samples from the upper seam,' specimens 
from the lower bed, and manufactured bricks of kinds, as well as a macerated 
article which it is difficult to comprehend 

5 1 first became aware of this report, by seeing it noticed in the Madras Mail , but my 
present information is from a copy supplied to me by the Revenue and Agricultural Department 
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I will now take the liberty of reproducing Dr Waddell’s analyses, merely run¬ 
ning Ms separate tables for calorific power and chemical composion into one — 



No 1 

No 8 

No 8 

Samples 

Lignite, macerated 
and mixed with 
water and allowed 
to dry in block 

• 

Lignite mixed 
with tar and 
allowed to dry 
in block 

Lignite in It* 
natural condition. 

• 

Calorific effect 

5047 

» 


6818 

Water 

9 760 

9146 

16276 

Volatile Hydro carbons 

84 210 

30 383 

38 661 

( Carbon, fixed 

Coke < 

23 090 

29 402 

37 720 

(.Ash 

32 950 

31067 

7 451 

Total 

100 000 

99 997 

99*998 

Lobs 


003 

002 


On the face of it, these substances are sufficiently incongruous in their condi¬ 
tion, in their calorific power, and in their amount of ash It is not clear 
whether they have been procured from the same portion of the lignite bed 
indeed it is more clear that they have not been so selected and therefore they 
are hardly worth consideration as giving comparative values 

On the whole, sample No 3, which has by all accounts remained froe from 
treatment in any way, is the best fuel of the three, and I should not bo at all 
surprised to find that it is a specimen from a band, or seam, or pocket, of more 
perfect lignite m the mam thick bed The calorilc power of this sample (No 3) 
is also comprehensible, but such is not the cejle with No 2 which with less 
fixed carbon and 23 per cent more of ash gi ■, ^v^early 1,000 more units of heat 
Another very remarkable feature about all thebS assays is this, that when once an 
artificial brick is made, the ash increases, enormously 

In any case, samples (1) and (2) are very poor m spite of the calorific power 
attributed to them, and it is inconceivable bow a locomotive or a steam-boat 
could be benefited by carrying about patent fuel containing 31 to 32 per cent of 
ash 

The fact is, further and many assays and trials of average specimens of the 
lignite itself and the manufactured bricks must he made before any fair estimate 
can be arrived at of the capabilities of this deposit ^s far as I can see, the 
problems to be solved in the development of this industry, as indicated by the 
experiments now extant, are bow to get rid of an enormous amount of ash and 
moisture, and bow to consolidate the bncks by a medium the price of which 
shall not handicap the working of tho deposit A 
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3—Phosphatic Beds, Musun 

A very interesting discovery has been made at Masun by the Rev J Parsons 
of Midlands, in which also Dr H Warth participated Nodular bands have 
beea long known as occurring in the blaok shales of Musun, but while Mr 
Parsons has been hammering among them for some years with the hope of finding 
fossils, and thus finding a more exact clue to the age of these rooks, he was struck 
by the marvellously bivalve like appearance of Borne of the nodules Indeed, the 
shape and even forammal-like beak ofi some of them, give at first sight a remark¬ 
able semblance to certain terebratulidse There, howevet, the likeness ceases, 
and the true nodular structure of the sab-ellipsoidal bodies soon becomes evident 
It was next ascertained by Dr Warth that these nodules and a thm Beam of 
rock associated with them contained a sensible amount of phosphoric acid 

Mr Parsons then sent several parcels of the nodules to the Survey for exami¬ 
nation , and a later suppl/ of them, together with fragments of the rocky seam 
(supposed to be phosphorite) were sent on to us by the Revenue and Agricultural 
Department as from Dr Warth 

The nodules present none of the characters of coprohtes, they are merely con- 
cretionary forms of a nearly black or dark-grey colour, generally rough on the 
surface, but occasionally smooth and rather soapy to the feel, and rather hard 
They are only very sbghtly calcareous Some of them are not even phosphatic 
or only veiy slightly so , indeed, they are extremely varied in their constitution 
according to the greater or lesser amount of- their components or the absence of 
one or other of them Taken m numbers, they are on the other hand essentially 
phosphatic, though not with lime phosphate 

A preliminary assay of one by Mr Blyth, the Museum assistant, showed no 
trace of phosphorous but further trials of a few gave as much as 4 89 per cent 
of phosphono acid 

The so-called phosphorite occurs in thm seams associated with the nodules 
It is a nearly black, hard, somewhat vesicular (from the weathering out of ? 
sulphate of baryta) volcanic-looking rock, sprinkled through with small crystallt 
sations of heavy spar The coftur, and the harsh somewhat scabrous look, give 
the volcanic aspect, but the rode ^ really only a non-nodular part of the shale 
band It, too, has the varying ig ^titution of the nodules, and may be called 
a phosphatic rock f m * * «*• 

The specimens were next Submitted to my colleague, Mr E J Jones, who» 
after a most careful series of experiments determined their composition as 
follows — 

I 

“ Results of analysis of portions of eight nodules 

Phosphate of Alumina. * 

„ „ Lime 

„ „ Magnesia , 

Silicate of Alumina 
8ulphste of Baryta 
Traoes of Phosphate of Iron 
,, „ Sulphide of Copper 

Carbonaceous matter 
Silica 
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Hydrofluoric Acid 

and smqJJI quantities of Iron, Magnesia and Lime, not as phosphates 

" Results of analysis of a rock supposed to he phosphorite — 

Phosphate of Alumina 
„ „ Lime 

„ „ Magnesia 

Silicate of Alumina 
Sulphate of Baryta 
Sulphide of Copperl (traces) » 

Phosphate of Iron (traces) • 

Carbonaceous matter 
Silica * 

and traces of Lime, Magnesia, and Iron, not as phosphates 

Traces of carbonic and hydrofluoric acids 

Thus the qualitative composition is the same for both substances, but I have 
thought it best to give each, as the latter was examined some time after the hrst 

“ Determination of phosphoric acid m the nodules — 

45 17 per cent Phosphoric Acid 
or 35 84 „ „ Anhydride 

“ Determination of phosphoric acid in the rock — 

418 per cent Phosphoric Acid 
or 32 3 „ „ Anhydride 

“ The most prevalent constituent m this form of shale is the phosphate of alumiua. 

Afsample from five or six nodules, powdered, gives, according to Mr Blyth, 
8 42 per cent of lime 

In all tiue phosphatic nodules, or phosphorite, the essential constituent is 
phosphate of lime, though the “ strength and value of the minerals is calculated 
according to the amount of phosphoric acid there is m combination with the other 
minerals 1 ” There are only two cases recorded, namely the phosphatic deposits 
qf Alta Vela, a small island near St Domingo, and Bedonda Island (lo° 54' ST, 
62° 21' W), which have little or no lime in "Vheir constitution In ordinary 
phosphates, the lime runs as high as 56 b2, or^only as low as 82 62 per cent 
while the phosphoric acid vanes between 20 u* r, /^40 per cent 
i„ *2feMttiri phosphates might then be more properly distinguished as alumina 
phosphatic deposits The treatment of such phosphate is more difficult and 
complicated than that of ordinary calcareous phosphate, but can be effected 
(according to Spence’s process) by solution in sulphuric acid and addition of 
arntnoiiin. from gas-liquor After the alumn has crystallized out the phosphoric 
amd in the mother liquor can be converted into artificial manure 

From a geological point of view, this discovery by Messrs Parsons and 
Warth is ^particularly interesting as presenting indications of former life which 
may yet be more clearly displayed by the fossils themselves in the hitherto barren 
deposits of Musun 

1 See a very elaborate article on Phosphate of Lime, m "Earthy and other Mmeials and 
Mining," by D C Davies, 1884, Chap VII, Vol X 
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Mr. H B Foote’s Work at the Billa Surgam Caves, by R Bbucb Foots, F G S , 
Deputy Superintendent , Geological Survey of India 

Althongh the exploration of the Billa Surgam Caves was not very successful 

Introducto in ear ^ ier stages, it has since then produced results of 

great interest, both archseologically and zoologically The 
existence of prehistoric man in that quarter has been most conclusively proved, 
while much light* has been thrown upon the former geographical distribution of 
some important genera and species r of animals no longer existing wild in the 
south of India. The deeper the excavations have been earned both vertically 
and laterally into the recesses of the caves the more interesting and valuable have 
been the finds made 

A sketch of the first part of the exploratory -work Gained out by myself last 
year was given m the February number of the Records (Vol XVII, Pt I, 1884) 
At the beginning of the present year (1884), I was called off to other cuties, 
but as His Excellency the Governor of Madras was anxious that the exploration 
work should not cease, it was entrusted to my son, Mr Henry B Foote, Lieuten¬ 
ant, Royal Artillery, who was temporarily attached to this Department, and took 
up the excavations where I had left off My son had spent several weeks with 
me a few months before, and had afforded me great assistance in explonng and 
excavating different caves, and had therefore gained a knowledge of the country 
and of the people whom he had to employ m the further explorations This he 
took up early m March, and earned it on till the end of May, during which time 
Mr Henry Foote s he cleared out the remaining half of the Charnel House 

Cave very nearly to the bottom of the narrow passage to 
which the cave contracts downward, a passage so narrow 
t.Tmt the diggers have difficulty in finding room to work 

Mr Henry Foote also commenced excavating tho Purgatory Cave, and was 
thereby enabled to follow it fully 300 feet further into the 
In the Purgatory Cave Iw-a rough report of the work done by him, he says 

“ I did not reach the end of thn> gallery as it was too narrow, but if it were cleared 
out, it would no doubt be possib le tj > go much further in and also up several 
branches which were too much fiBfeti up to be entered ” 

When first explored, two pits were found in this long and narrow cave—one 
some 15—20 feet within its mouth, the other some 10 yards or so farther m 
Nothing certain could be ascertained from the Kotal villagers as to the origin of 
these pits, which rumour ascribed to treasure hunters, but they were very likely 
sunk by guano diggers, the soil in the cave being largely made up of dry dusty 
guano derived from the droppings of the clouds of bats which live in the dark part 
of the passages On clearing the guano-soil out of the outer pit, Mr Henry Foote 
found its “ further wall composed of a stalagmitic mass,” of which he says “ I 
fancied it might form a floor, and so continued the pit down to a depth of about 13 
feet, when I reached the bottom of the cave, and found that my surmise was 
correct, there being a space of about 3 to 4 feet under the stalagmite filled with a 
red clay, with pieces of stalagmite and limestone forming a sort of breccia As 


work in the 
House Cave 


Charnel 
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In the Cathedral Cave 


I had not much time at my disposal I could not then clear out the whole cave sys¬ 
tematically, so I proceeded to clear out the earth under the stalagmite floor The 
floor continued for 9 yards and then gave way to the mterstratified earth and 
bats’ dung, and at this point I stopped. Among the finds in this cave wore 
several fine teeth and a few bones I found also, just at the place I stopped at, 
two small drinking howls of rough earthen-ware at a depth of 11 feet below the 
surface They are not of modem shape, but have no very distinctive character ” 
“ As we advanced into the cave, the facts’ dung stratum got thinner and dis¬ 
appeared altogether aftor 200 feet The cave earth is here & wet grey clay " 
“ 1 fancy that the earth at the bottom (under ,the stalagmite) is of great age, and 
once filled the whole cave as m the recesses there are pieces of it adhering to the 
roof ” 

In the Cathedral Cave, Mr Hemy Foote commenced systematic excavation 
about a month before the end of his time He reports 
“ I could not at first work m it, owing to the numerous 
Swarms of bees which occupied it, but after destroying their nests twice, they 
retired up the clifE to a safe height, and I commenced work in one comer of the 
cave, under an overhanging piece of the wall which, being the only place the sun 
does not reach in the afternoon, was the most suitable for human habitation ” 1 
“ Having cleared away the bats’ dung, which was about a yard thick, over a 
surface of about 50 square feet, I commenced to excavate the beautifully strati¬ 
fied cave earth in layers of one yard m thickness The top layer was very full 
of bats’ dung which gradually disappeared as I got lower, when the earth became 
a rather stiff red clay ” “ There were a good many fallen blocks in places, but 

not so many as m the Charnel House There were also a good many masses of 
stalagmite, mostly on the edge of my excavation, all in situ , and as they were of 
large size the cave earth underneath them must be of considerable antiquity ” 

The Cathedral Cave contains many more stalactites and stalagmites than any 
of the others, and a great part of its eastern end is filled 
with an enormous mass, composed of both forms of the 
deposit, to which the nanta of the “High Altar” was 
given from its great resemblance to the sanctuary iA a Homan Catholic Cathedral 
It is impossible to give any closer idea of this remarkable cave without illustra- 
nykinfr it, m hoped will be forthcoming to accompany the final report on the 
cave work 

The existence of man at a low stage of civilization was ascertained beyond 
Traces of prehistoric fear of contradiction by the discovery of a well-made bone 
man gouge and of two pieces of stag-horn which have been cut 

Cat hones ynih some sharp instrument, one indeed has been deeply 

cut into and shaped into a rude Implement These were found in the Charnel 
House Cave at a depth of 15 and 16 feet below the surface respectively The 
Cathedral dave also yielded an implement of bone trimmed by many cuts of a sharp 
instrument into a rude knife shape Two or three bones also were found show- 

i The open exposure to the rays of the afternoon sun of a cave in the latitude of Billa Surgam 
would render the place practically untenantable for several hours The concentration of heat 
radiated from the high cliffs at the hack ami around the Cathedral Cave w something tremendous 


Stalactites and stalag 
antes 
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fvoL xtil. 

to 


Number 

found 


of bones 


ing distinet traces of having been scraped with a hard and sharp implement, 
the marks being snoh as would be made by a sharp stone flake f 

A fair number of teeth and bones of various large and medium sized animals 
was collected, as well as many thousands of those of very 
small animals, such as squirrels, rats, mice, shrews and 
bats, also of small birds, snakes, lizards, frogs and toads 
Shells of some of the existing species of landshells were found numerously, par¬ 
ticularly those of Helix nicobana*, Namna tranquebanoa and Pleurostoma 
(nodifera ?) * 0 

But little could be done towardsrthe specific determination of the bones found, 
even where the genns was easily recognizable, the osteo- 
mming^the^boncB* detCT logical collections available in Madras being for too small 

In the few cases m which specific determination was 
feasible, the bones wore found to belong to living species 

The annexed list gives, as far as possible at present, the generic and specific 
names of the animals whose remains were found in the 
Billa Surgam Caves — 


List of animals found 


Mahkaua 


Preabytu (Semnoptihectts) pnamua 1 
Macacos ? sp 
CAtroptera , several 
Screw, sp. 

Fekt Ugna 
»» ®P 

Yiverra zxbetha f 
Herpeates gnaet ta * 

Coma, sp 
Scwrua, 2 or 8 sp 
Max, 8 or 8 sp 
Eyatnx leucurua f 
Lepua, sp 

Rhinoceros, sp (? jaranuua) * 


Equtts, sp 
Sua tndtcua 
Susa anatotehs 
Awta moculolita 
Memtmna 

Antilope bezoarltca ? 
Portax ptctua 
Capra? 

Oma ? 

Boa , sp 
Gavatua? 


* AVJSS 

a 


Several genera belonging to tbe oroere Rapfcores and Grallutores (?) 


SxPTnua 

Crocoddua * Agava a, sp 

Varanua dracaena Lacerta, sp 

Amphibia. , 

Sana 

Bufo 

The remains found all occurred as detached teeth and bones or portions of 

Condition of the bones. 1,01168 The 1,684 8 P ecimens are » few rami of mandibles 

and two or three maxills retaining four or five teeth 

apiece Most of tl*e specimens, however fragmentary, are well preserved for 
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individual determination Feww ere thickly encrusted with kankar, few also were 
found ih a state of great brittleness, but few also are highly mineralized The 
number of species already recognized is very large in proportion to the number 
of bones of the larger animals which were found, but it may be expeoted to be 
increased veiy considerably when the large senes of small bones collected 
have been fully examined 

The extremely great number of bones of small rodents, birds, reptiles, &o , Ac, 
which were found in the different beds of rf,he cave earth, may be reasonably 
attributed m great part to a cause which is still m action Ih these caves 

Source whence the ad 3 01n “S onea The .cause m question is the frequent 
•mall bones were derived of lar g® *> irdB of P^y, such as eagles, kites, hawks, 

and owls who seek the quiet and retirement of the caves 
in order to get rid of the undigested hard parts of their prey, m the form of 
castings Considerable accumulations of such castings were found in the Charnel 
House and Cathedral Caves as well as in several of the smaller ones Osseous 
deposits of such character have doubtless often been covered up by the sediments 
brought into the caves by floods during wet seasons, the feathery and tendinous 
parts of the castings have decayed and only the bones remained behind 

The evidence obtained so far goes to prove that the caves were not con tmn - 
No signs of ooiitmu ously inhabited either by man or predatoxy animals The 

ous residence of man or greatest number of bones found m the Charnel House 
predatory animals Cave, for example, occurred in, or close to, the month of 

the small tunnel-like gallery opening into the cave at its upper extremity These 
bones seem all to have been washed in from above by the stream which flowed 
out of this gallery m wet seasons, and which formed the several beds found in the 
upper end of the cave The beds which occur at the mouth of the cave and 
which were formed by the mam stream flowing through the several canons, are 
remarkable for their poverty in fossil remains How the bones entombed m the 
Cathedral Cave and m Purgatory reached their places of rest it would be pre¬ 
mature to say till the excavations have proceeded considerably further 

There are no accumulations of Album grascufo in any of the caves, such as 
would inevitably have been formed bad they ever "been long occupied by carni¬ 
vorous animals, nor are there any considerable deposits of ashes and charcoal with 
frag 5 a^* 9 *rfjf bones and other indications of man’s continued residence which 
formed such interesting accumulations m many other bone-caves 

No stone implements of any kind have been discovered m connection with the 
Billa Surgam Caves, excepting perhaps a minute tn 
,t0ne luaploments angular splinter of rock ciystal which might have served 
as a drill 

Of the broken bones which* occurred m considerable numbers some bear 
distinct tooth marks, others, and more especially fragments 
of the thick and massive bones of large animals, appear 
broken with great violence, as if with a hammer or heavy 
stone, not splintered, as if bitten 

The great majority of hones whether unbroken or broken before being 
buried, as a very large number evidently weie, retain thei^ foxm distinctly and 


Bitten 

bonea 


a at broken 
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show no signs of having been rolled far, which agrees with the inference that they 
were washed into the cave from only a very short distance 

Of the crushed and broken bones which were found in all the three caves 
explored, many had been reduced to that condition by the falling of heavy masses 
of limestone from the roof No burnt bones were noticed in any of the caves 
A very interesting fact and one adding materially to our knowledge of the 
Occurrence of the geographical distribution of the penssodactyle ungulata 

genera Equus and Hhi- of India withsi the human period is the occurrence so far 
noceros south in tbe Peninsula of the genu£ Equus and of a second 

species of Rhinoceros The living Indian representative of the first named 
genus is Equus onager , the wild ass of Kutch, which occurs also m Gujerat and 
the countries west of the great Indian desert, but is quite unknown m the penin¬ 
sula Of the two Indian species of Rhinoceros now living, Rh tndicus is reported 
by Lydekker 1 to have been procured from “ the turbary of Madras ” The 
remains of rhinoceros found by Mr Henry Foote belong to a smaller species with 
a very different dentation, being very markedly braehydont 

The remains of rhinoceros found m the Charnel House Cave at Billa Surgam 
consist of a right upper molar (probably ml ). a right 
Surgam Rhi j ower molar (probably m" 1), and of a fragment of a right 
upper molar (probably m 8 ) Of the first only the crown 
remains, but is m good condition The lower molar retains the greater part 
of the fangs, and the crown is in good condition (one little chip out of the 
anterior part excepted) The two were not found together, and the lower molar 
may probably have belonged to a larger individual than the upper The frag¬ 
ment of the upper molar ( m3) must have belonged to a very much smaller indivi¬ 
dual than either of the others It shows but small signs of wear and could only 
have been cut a very short time before the death of its possessor The other two 
teeth are greatly worn and must have belonged to fully adult or old individuals 
The upper molar is very characteristic m shape, and quite unlike any of the 
fossil Asiatic rhinoceroses already described It is also quite unlike the molars 
of Rhinoceros mdicus, but bears considerable resemblance to the molar of Rh 
sondaicus (javanicus) figured by Owen in plate 138 of his Odontography 

The Remains of Equus found were the follow¬ 
ing — _ 


The Billa Surgam hone 


1 

8 

8 

4 

5 


A molar (lower, left) 

Charnel House < 

A metatarsal right 

Cathedral Cave, 

A rudimentary metatarsal (Met. IV) * 

do 

do 

A metatarsal (?) distal end 

do 

do 

Three incisors, germs (upper P) 

do 

do 


% 

Of these, numbers 1, 2, 3, and 5 belong to a small individual, of about the size 
of an ordinary ass No 4 belongs to a much larger, coarser built, anpnal 


1 Lydekker, R Synopsis of the fossil Veitehrata of India, Records, Geological Survey of 
India, Vol XVI, p. SO, 1884. 

* This rudimentary (left) metatarsal belongs doubtless to No. 8, as though found several feet 
apart In the cave earth (in squares N«s 41 Ca and 46Ca respectively) the two bones fit perfectly 
and show identical colour and degree of foasilization 
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The section ot the cave earth in the Charnel House Cave which was obtained 
Sectiob of the Cave by Mr Henry Foote while excavating the northern half was 


Fartli, Charnel 
Cave 


House much clearer and more instructive than that seen by me 
in the southern half, the former is therefore given below — 


4>' A 1 Surface (bats’ dum.) bed 
2* 9" A Bubble bed with large fallen blocks of limestone 
W 6" 


2 


B 1 

c V Stiff red clay, with sandy partings 1 

1 ® 2 l Hubble bed 

E J 

X H Bed cave earth, stony above * 

1' a" 1 Bed and mottled cave earth 

J Bed brown cave earth with patches of calcareous saud 

K ) 


^ j Red sandy cave earth with blocks of limestone 

M 
N 
O 
P 


3' 

2 ' 0 " 
4' 

1 ' 6 " 
f 6" 

l &' 
1' 


Stiff marly day taken out in four layers of 1 lard each 
m thickness 


r 

{i 


12 ' 


;s 

Is 

e 2 

j.09 

I 9 

O 1a 
rC3 ^2 
44 d 
a) 

3 u « 


8 

Ot 

« 


•S 


If 

o 


6" 


§ 

S’sg -g 

o*a g 5-5 

■gl-s g*s 
Sis e*° * 
« " ® ® cu 

* 

IS j 


28' 9" 


“ The stratification of the cave earth, though veiy distinct in places, was more 
often obscure, and the large amount of infiltrated colouring matters (though often 
giving nse to very beautiful tints) were a source of great difficulty in the separa¬ 
tion of one bed from that underneath it ” 

The artificial contents of the surface bed were, as already stated 9 a few bits 
of broken pottery and charcoal, and a couple of small 
^Contents of surface shells, doubtless once the property of some gossain 

fakir In addition to these were patches of small 
bones, &c, which are the half-weathered castings of large birds of prey before 
referred to (page 203) A full collection of these was made for comparison with 
the numerous hones of small animals which Newtiold described as occurring m the 
cave earth below 

The loose red loam underlying the surface bed contained at one place (21 feet 
>**»**. „„ . west of the entrance to the narrow passage at the east ex- 

te< th below the surface tremity of the cave), a number ot human teeth and bones, 
bed belonging apparently to one and the same individual 

The bones consisted of numerous fragments of a• very thick calvanum (too 
broken to piece together successfully), fragments of the mandible and one or two 
vertebree, nbs and parts of various limb bones * They had been much broken up 
by a large mass of limestone which had fallen on the spot where they were 
buned, and being very brittle suffered a good deal more while being dug out 

1 The Bubble bed “ A” occupied only the front or western half of the cave, m the back or 
eastern half, “ B " lays immediately under the surface bed " A 1 ” 

* Rough notes ou Billa Surgam and other caves in Kurnool District, &c Bee Q S of I, 
Vol XVII, pt 1, page 27,1884. 

* These have not been compared as \et. ^ 
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The most interesting facts connected with the underlying strata in the Char- 

Finds in bid a ne * ® ouse ma y b® enumerated at this placef Bed 

“ A ” yielded inter alia the right ramus of the mandible 
of a very young small ruminant ( P Antilope), also the right maxilla with teeth of 
large monkey, differing slightly from JPresbytis ( Semnopithecua ) prtamus From 
the relatively small size of the canine the owner was probably a female, but her 
jaws exceeded considerably in size that of a very fine male langur whose gknH is 
m my collection t 

In Bed ^ , M i Henry Foote found some charcoal and fragments of coarse 

In bed ? unglazed pottery, as well as fragments of thin glazed red 

® pottery of a very antique type 

Bed ^ showed nothing of interest, and beds F and G, which lie further 
back m the cave and do not come within the section above given, were also 
devoid of anything of special interest 

In bed H, there was at one spot an immense quantity of small bones of rats, 
In bed H ha^ 8 , lizards, &c, &c , accumulated either by an eddy in 

the small stream, which flowed through the eastern 
passage, or else representing one of the great collections of birds’ castings above 
referred to 

In bed K, Mr Henry Foote found the bone gouge above referred to “ the 
best specimen of man’s work that was found in the caves ” 

one gonge n «« Tim hollow of the gouge is highly polished probably by 

use ” “ The cutting edge is gone, but the other edges show distinct marks of hav¬ 
ing been cut with a sharp instrument It was found on the north side of the 
cave, about 4 yards from the mouth of the small passage, at a total depth of 15 
feet below the surface ” 

Of bed L, Mr Henry Foote says “ it contained a little charcoal at the mouth 
of the small passage, this being the JpweBt horizon at which 
L ut 8tng borne m I found traces of man, the depth being 16 feet 6 inches 

Associated with the charcoal, I found two pieces of stag¬ 
horns, which present distinctly cut surfaces ” The one, as already pointed out, is* 
cut into something httle a rude knife about 5 inches long, or it might possibly 
have been used as a small spear head if the but-end had been fixed vertically at 
the end of a pole The other piefce, which is 6f inches long and muc^JJiicker 
and heavier, has the further end distinctly cut on two sides, so that "itforms *a~ 
short but thick wedge The whole piece looking like a rather rude pick-hammer 
The cuttings are very clear, and distinct on both implements Bed L was the 
most prolific in large bones of any in the Charnel House Among those found, it 
may be well to specialize a few of the most important 


I The left ramus at the mandible of Portax pictui, fragment with 4 
teeth (No 7, 70 L) r 

8. Molar 8 (lower) of P pictus (No 0) 

8 Five incisors (lower) of P ptotus (No 12) 

4 Carnassial (lower) left of Ftterra ubetha ? (No. 16) 

6 Lower left incisor a of Antilope betoartwa 
6 Cervical vertebra of Portax ptciut ? (No. 56). 
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7 Olecranon (broken) of Axis maculalus P (No 67) 

8 Left scapula of A maculalus ? (Vo 64) 

9 Bight scapula of Rusa anstotelis (Nee 68) 


10 

Left tibia of Axis maculalus P (No 82) 


11 

Right tibia ( distal end) of A 

maculalus f 

(No 87) 

12 

Left calcaneum of 

ditto 

(No 81) 

18 

Bight femur of 

ditto 

(Vo 83) 

14. 

Metacarpal of 

ditto 

(No 43) 

16 

Bight tibia (distal end) of Rusa anstotehs P 

(Vo. 86) 

16 

Left astragalus of 

ditto f 

(No 30j 

17 

Phalanx of Capra P (No 1) 

9 


In bed 
monkey 


M bones of 


Bed M was also productive of bones and, in a recess m the side of the small 
passage at its bend, some remains of a large monkey were 
found consisting of a right maxilla with 3 molars and 2 
premolars, the nght ramus of the mandible with 3 molars 
and 1 premolar, also a fragment of a left ramus with the canine and 1 pre- 
molar, and lastly a lower left molar (M a) All apparently belonged to the same 
individual 


The other important bones found in bed M were— 


1 Os innominatum (nght) of Rusa 

2 Ditto ( do ) of Axis 
8. Femur (right) of Antxlope 

4. Metatarsal (nght) of Axis 1 
2 Vertebra of a snake 


The excavation of the beds m the inner-most part of the small passage was 
Beds in the ss*ge earned out by Mr Henry Foote separately, as he found it 

impossible to make out their exact relation to the several 
beds of the cave earth m the outer cave The cave earth beneath the surface 
(bats’ dung) layer was red and so nearly homogeneous in character, owing to the 
Absence of infiltrations of colour, that the division into layers for excavations must 
be considered a purely arbitrary one The four divisions in which it was taken out 
were termed X, T, Z, and X 1 2 3 4 , of which Y yielded a small orocodile’s tooth 
much blackened in colour, and X 1 the rather broken crown of a very large left 
Jsrw prajnolar of some ruminant which was most likely that of a bison 
(Gavffius) 

The most interesting bones Mr Henry Foote obtained 
^Finda in Purgatory the Purgatory Cave were as follows — 


1 The nght upper camasqial tooth of a feline animal smaller than a tiger 

2 The nght metatarsal bone of a large tiger {Felts hgrts) of which the proxi¬ 
mal end end the under side are wanting but the bone otherwise in good condi¬ 
tion 

3 The nght tibia of a large tiger, the proximal end wanting 

4 & 5 Two phalanges (nght) of pes of Felts tigns Besides these were 
seven or eight molars of different ruminants, large and small, which could not be 
satisfactorily determined 
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In the case of the Cathedral Cave the most important finds made by 
Mr Henry Foote beside the Rhinoceros teeth and the 
teeth and bones of Equns above referred to (page 204) 
were— 

A senes of bones of Myatnx ( leucurus ), consisting of two mandibles and 
sundry molars and incisors belonging to several individuals 1 
Two upper molars, four lower incisors, and two lower canines of sue indicue 


Finds in the Cathedral 
Cave^ 


A senes of bones of Varanus ^ including 3 maxillae and 3 left rami of 


4 


Conclusions as to the 
age of the caves 


mandible and many vertebrae 
A senes of bones of birds of several genera 
The determination of the animal remains found in the Billa Surgam Caves, 
so far as has been practicable, shows that the veiy great 
majority, if not all the larger animals, belonged to living 
species, they must therefore be regarded as of pre-histonc 
or post-pleistocene age This result is in accordance with the evidence furnished 
by the bone implements found m the caves, which implements bear a very close 
resemblance to finds made m various pre-histonc bone-caves m Europe The 
stone implements, accompanying the European bone implements, belong to the 
neolithic, or polished, type , we may therefore very reasonably expect that, 
should stone implements be discovered dnnng the further explorations, they 
will prove to be of the neolithic type But we may also very reasonably antici¬ 
pate that m some of the caves only partially explored at present, or m some of 
those still untouched, future explorations may bring to light remains of palaeo¬ 
lithic man and pleistocene animals, for it must be borne m mind that palaeo¬ 
lithic man lived m that region and left numerous implements behind him m the 
adjacent alluvium of the Khunder valley 

The results now communicated may, I believe, be accepted unhesitatingly, as 
very great care was taken both by my son and myself to register exactly the posi¬ 
tions in which the bones were found 

I re-visited the caves in the beginning of May to see how the exploration 
was progressing, and was much gratified to find that Mr Henry Foote had 
organized his band of excavators very thoroughly, so that the work proceeded 
steadily and safely 

The efficient way in which he earned out the very arduous piece of work 
confided to him fully justified the confidence with which I had rdt5CtnmeS&att" , “' 
him to His Excellency Mr Grant Duff, and will I trust be recognized by the 
authorities t 

In conclusion, I must mention that our work at the caves was rendered much 
less irksome by the great interest taken in it by His Excellency Mr Grant Duff 
Our thanks are also due to Mr W H Glenny, the Collector of Kurnool, for the 
kindly interest he took in the work throughout which greatly helped to make 
things easy in the matter of securing supplies and labour m a very outlandish 
place Nor do we forget various acts of courtesy and kindness from the Nawab 
Sahib of Banaganpalli 

1 Up to tbs time of the excavation porcupines were constantly trying to colonise the caves, and 
were only repressed by the use of traps bmtt by the villagers of pieces of limestone As it was, 
a couple of them was caught and killed by the diggers in one of the pits in Purgatory Cave 
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ADDITIONS TO THE MUSEUM 
1 From Ibt July to 30th September 18R4 

Specimens of garnets (Spessartite P) and of the mica schist m which they ocour, from Knlu 
Presented bt Cot G Gordon Young, Commissioner, Dharmsala, Punjab. 
A la*-ge piece of Pumice, picked up at Sea, Lat 80°S, Lon 83°E , on 30th November 1883, 

Presented bt Capt Hbnbt Mai o 
A specimen of stibmte (antimony glance), and a button of metallic antimony reduced from 
eervantite, an ore of antimony, (Sb0 3 = Sb 2 t) 3 +Sb a 0 5 ), from Majjlmam, Burma. 

Presented bt W R Cbifbb, Esq, 


ADDITIONS TO THE LIBRARY 


Fbom 1st July to 30th September 1884 


Titles of Boohs Donors 

Albbecht, Paul— Sur la valeur morphologique de la Tiompe d Eustache 8° Pam 


Biuzelles, 1884 


Thb Author 


Sur les Spondylocenties Epipituitaires du Crane 8° Pam Bruxelles, 
1884 


The Author 


Boehm, Geobo —Register zum zweiten band der Palaeontologischen Mittheilungen aus 
dem Museum des Konigl Bayer SLaates 8° Cassel, 1884 

Bbonn s Klassen und Ordnungen des Thier Ruchs Band Y, Abth II, Lief 1112, and 
Band VI, Abth IV, Lief 7 9 8° Leipzig, 1884 

Cotta, Bebnhabd von —A treatise on ore deposits Translated fiom the 2nd German 
edition by F Prime 8° New York 1870 

Davies D C —A treatise on earthy and other minerals and mining 8° London, 1884. 

Encyclopaedia Britannica 9th edition Vol XVII 4° Edinburgh, 1884 

Fbazbb, Pebsifob —Tables for the determination of minerals by those physical properties 
ascertainable by the aid of Bueh simple instruments as every student in 
the held should have with him Revised edition 8° Philadelphia, 1878 

Judder, J B—Sugar pioduction in the Central Provinces Fisc Pam Nagpur, 1883 

Thk Author 

Gbbbn, Samuel S —Library Aids Revised and ontargad edition ]2mo New York, 1883 

Messes TrUbner & Co 

(g reenwood? William Henby —Steel and Iron 8° London, 1884 

H areness, H W, and Moore, Justin P—Catalogue of the Pacific Coast Fungi 8° San 


Francisco, 1880 


California Academy of Science 


Hesbenbbrg, Friedrich — Mmeralogische Notizcn Neue Folge Heft 5 4°Frankfurt- 
&m Main, 1868 

Hill, B D, and Nbvins, W infield S —The north shore of Massachusetts Bay an 

illustrated guide to Marblehead, Salem, Beverly, Manchester by the sea, 

9 Magnolia, Gloucester, Rockpoit, Peabody and Swampscott 6th edition. 

8° Salem, 1883 _ _ 

The Essex Institute 


Kobnen, A von — Beitrag zur Kenntmea der 
4° Pam Gottingen, 1883 


Placodermen des norddeutschen Obeidevon’s 
Rota^Societt, Gottingen 
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Titles of Books Donors 

L apparent, A de —Cours de Mmdralogie 8° Paris, 1884 

Lyne, Chabi.es —The Indus tries of New South Wales 8° Sydney, 1882 

; Australian Museum, Sydney 

M/cSwinney, Robert Forster f-The law of mines, quarries and minerals 8° London, 
1884 

Michael, Albert D—British Oubatidse (RaySoo) 8° London, 1884 
Mojsxsovics, E y, and Neumayb, M — Beitiage zur Palaoutologie Osterreick-TTngarns und 
des Orients Band III heft 4 4° Wien, 1884 

PALEONTOLOGIE Ffanfaise l r * sdne Ammaux Iuvertdbrds, <Terram Jurassique Lit 
68 and 70 2“* sene V<5g6taux, Terrain Jurassique Livr 33 8° Pans, 

1884. 

Piolti, Giuseppe —II Porfido del Yallone di Roburent 8" Pam Torino, 1884. 

The Author 

Plummer Hall, its libianes, its collections, its histoncal associations 12° Salem, 1882 

The Essex Institute 


Pobtis, Alessandro, and Piolti, Giuseppe —II calcare del Monte Taboi 8° Pam 
Torino, 1883 


The Author 


Quenstpdt, Fe Aug — Handbuch der Petrefaktenkunde Auflage III, lief 16 8° 

Tubingen, 1884 

„ „ Petrefaktenkunde Deutsch lands Band VII, Abth I, heft 6 8° 

Leipzig, 1884 

, „ Sonst und Jetzt PopularaJTortrage uber Geologic 8° Tubingen, 

1856 

Dr W King 


Reads, T Mellahd —Chemical denudation in relation to geological time 8° Pam 

London, 1879 


Dr W King 


Notes on the scenery and geology of Ireland 8° Pam Liverpool, 
1879 

Dr W King 


Richards, Thomas —New South Wales m 1881 2nd issue 8° Sydney, 1882 ‘ 

Australian Museum, Sydney 

Ridley, William —K4milar6i, and other Australian languages 2nd edition 8° Sydney, 

1875 

-vifr 

Australian MtfbfuM, SydnST" 

Romanis, R—Report on the Yenanchaung Oil Wells Fisc Pam Rangoon, 1884. 

t Chief Commissioner, British Burma 

Roscob, H E, and Schoblemmbb, C —A treatise on Chemistry Vol III, pt 2 8° 

London, 1884 

Tbnison Woods, J E —Fish and Fisheries of New South Wales 8® Sydney, 1883 

Australian Museum, Sydney 

Thomson, Sir C Wyville, and Murray, John —Report on the scientific results of the 
Voyage of H M S “ Challenger daring the years 1873 76, under the 
command of Capt George S Naies and Capt Frank Tonrle Thomson 
Zoology, Vols I VIII (1880 1883) Narrative, Vol II (1882) Physics 
and Chemistry, Vol I (1884) 4° London, 1880 1884. 

Secretary of State fob India 
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Titles of Books Donate 

Verbs ik, R DM -—A short report on the eruption of Krakatan on the 26th, 27th, and 
28th of August 1883 Translated from the original Dutch by I I 
Komgs Fisc Simla, 1884 1 

Revenue and Agricultural Department 
Wood, Habbis -—Mineral products of New South Wales 4° Sydney, 1882 

Australian Museum, Sydney 

Woolls, W —Plants indigenous in the neighbourhood of Sydney 8° Sydney, 1880 

Australian, Museum, Sydney 
Zittel, Kabl A —Handbuch der Palaeontology Band I, Abth II, lief 3 8° Munohen, 

1884 * 


PERIODICALS, SERIALS, &c 


American Journal of Science S* 4 senes Vol XXVII, No 162, to VoL XXVTII, No 
164 8° New Haven, 1884 


Tax Editors 


American Naturalist Vol XVIII, Nos 17 8° Philadelphia, 1884 

Aunalen der Physik und Chemie Neue Folge Band XXII, Nos 6 8 8° Leipzig, 1884 

Annales des Mines 8 m,! sdrie Tome IV, hvr 6, and Tome V, livr 1 8° Pans, 1883 1884 

L ADMINS DBS MINES 


Annales des Sciences Naturolles Zoology et Paleontology 6 m sdrie Tome XVI, Nos 
4 6 8° Pans, 1883 

Annals and Magazine of Natural History 6 th senes Vol XIV, Nos 79 80 8° London, 

1884 

Archiv fur Naturgeschichte Jahrg L, heft 2 8° Berlin, 1884 

Athensenm Nos 2955 2967 4° London, 1884 

Beiblatter zu den Annalen der Physik und Chemie Band VIII, Nos 6 8 8° Leipzig, 

1884 

Biblioth&que Universelle Archives des Sciences Physiques et Naturelles 3 me pdriode 
Tome XI, Nos 3 6 8° Genfeve, 1884 

Bibhothdque Universelle et Revue Suisse 3 me periode Tome XXII, Nos 65 66, and 
XXIII, No 67 8° Lausanne, 1884 

feotamsohes Centralblatt Band XVIII, Nos 10 11, and XIX, Nos 18 8° Cassel, 1884 

Chemical News Vol XLIX No 1231 to Vol L, No 1293 4° London 1884 

Collieiy Guardian Vol XLVII, No 1224 to Vol XL VIII, No 1235 Folio London, 
1884 

Efts Anslknd -* Jahrg LVII, Nos 23 34 ° Munchen, 1884 

Geological Magazine New series Decade III, Vol I Nos 7 8 8° London, 1884 

lion Vol XXIII, No 59b to Vol XXIV, No 608 Folio London, 1884 
Journal de Conchyliologie 3 me sdne Tome XXIII, No 4,* and XXIV, No 1 8° Pans, 

1883 1884 

Journal of Science 3 rd series Vol VI, Nos 125 127 8° London, 1884 

a The Editob 

Just, Leopold —Botanischer Jahresbencht Jahrg IX, Abth I, heft 2, and Abth II, heft 
* 18° Berlin, 1884 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science 5 ,h scries 
Vol XVIII, Nos 110 111 8° Loudon 1884 

Mining Journal, with supplement. Vol LIV, Nos 2546-2558 Folio London, 1884 
Natur® Novitates Nos 10 16 8° Berlin, 1884 

Nature Vol XXX, Nob 763-775 4° London, 1884 ^ 
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Neues Jahrbuch fur Mmeralogie, Geologic, und Palaeontologie Jahrg , 1884, BanA II, heft 
12 8° Stuttgart, 1884 , 

Neues Jahrbuch fui Mmeralogie Beilage Band III, heft 1 8° Stuttgart, 1884 

Petermann’s Geograpbiscbe Mittheilungen. Band XXX, Nos 6 8 4° Gotha, 1884 

„ „ „ Supplement No 75 4° Gotha, 1884 

Professional Papers on Indian Engineering Vol II, No 6 Fisc Roorkee, 1884 

Thomason College of CrviL Enginkbbinq 

Quarterly Journal of Microscopical Science New senes Vol XXIV, No 95 8° London, 

1884. 0 

Zeitscbnft fur Naturwissenschaften Fqjge IV Band III, heft 2 3 8° Halle, 1884 


GOVERNMENT SELECTIONS REPORTS, Sic 
BenoAl —The Quarteily Bengal Army List Nos 88 89 8° Calcutta, 1884 

SUPERINTENDBM, GOVERNMENT POINTING 
Bombay — Chambers, Charles, and F —Magnetical and Meteorological Observations made at 
the Government Observatory, Bombay, in the years 1879-1882 4° Bora 

bay, 1883 

Bombat Government 

„ Selections from the Records of the Bombay Government New series No 164 
8° Bombay, 1884 

Bombay Government 

British Burma —Annual Report of the Lighthouses off the Coast of British Burma for 

1883 84 Fisc Rangoon, 1884 

Chief Commissioner of British Burma 
India— Blanford , JT F —Report on the Meteorology of India m 1882 4° Calcuita, 

1884 

Meteorological Reporter to Government of India 
„ Meteorological Observations recorded at six stations m India in the yeai 1884, 
reduced and coirected February and March, 1884 4° Calcutta, 1884 

Metrohological Reporter to Government of India 
„ Forbes, G S —Note on the Census Report of British India of 1881 Fisc Simla 
1884 

Revenue and Agricultural Department 
Government of India Civil Budget Estimate for the yeai 1884 85 Fisc Calcutta, 
1884 

Comptbollkr of Indian JfifiAstmrM*-. 

v List of Officers in the Survey Departments, corrected to 1st July 1884 Fisc, 
Calcutta, 1884 

Revenue and Agricultubal Department 
m Selections from the Records of the Government of India, Foreign Department, No 
196 8° Calcutta, 1884 

■ Foreign Department 

Madras —Annual Administration Reports of the Forest Department (Southern and 
Northern Circles), Madras Piesidency, for the year 1882»83 Fisc 
Madras, 1884 

Madras Government 

North-Western Provinces —Gazetteer of the North Western Provinces Vol XI, Hima¬ 
layan Districts, part 2, and Vol XIV 8° Allahabad, 1884 

Government of the North-Western Provinces 
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TRANSACTION, PROCEEDINGS, , OF SOCIEIIES, SURVEYS, &o 

Titles Books Donors 

Basel—V eihandlungen dei Naturforschenden Gesellschaft in Basel Theil VII, heft 1 
8 ° Easel, 1882 

The Society 

Beblin —Abhandlungen der Konig Akademie der Wissenschaften, 1883 4° Beilin, 1884 

^ The Academy 

„ Sitzungsbenolitg der Komg Preussisdicn Akademie der sWissenschaften zu 

Berlin 1883, Nos 38 32, and 1884, Nos 1 17 8 ° Berlin, 1883 84 

* 

The Academy 

„ Zeitscbnft der Deutscben geologischen Gesellschaft Band XXXVI, heft I 8 ° 
Berlin, 1884 

The Society 

Bologna —Memorie della Accademia delle Scienze dell Istitnto di Bologna 4 m " sene 
Tome III 4° Bologna, 1881 

The Academy 

Brisbane —Proceedings of the Royal Society of Queensland Vol I, pt 1 8° Brisbane, 

1884 

The Society 

Bristol —Proceedings of the Bristol Naturalists Society New Benes Vol IV, pt 2 8 ° 

Bristol, 1884 

The Society 

Bkcssels —Bulletin de la Socidtd R 03 ale Beige de Gcogiapbie Annie VIII, Nos 12 8° 

Biuxelles, 1884 

1 he Society 

„ Bulletin du Musde Royal d' Histone Naturelle de Belgique Tome II, Nos 3 4, 
and III, No 1 8 ° Bruxelles, 1883 1884 

The Museum 

Service de la Carte Gfiologique dn Royaume Texte explicatif de la fondle de 
Biuxelles, de Claviei, de Bilsen, de Natoye, et de Dniant With maps 
* 8 ° Biuxelles, 1883 

Mus&f Royal d Hist Nat dr Belgique 


Budapest —Frlauterungen 7 ur geologischen specialkarte der Lander der Unganschett 
9 « Krone Blatt C 6 , F a and F 1S 8 ° Budapest, 1884 

Royai Hungarian Geological Institute 


99 


Foldtam Kozlony 
1883 1884 


Kotet XIII, fuzet 7 12 , and XIV, 13 8 ° Budapest, 

9 

Royal Hungarian Geological Institute 


„ Jahresbericht der K U ^Geologischen Anstalt fui 1882 8 ° Budapest, 1883 

The Institute 

f> ddittheilungen aus dem Jahrbuche der Kon Ungariscben Geologischen Anstalt 
Band VI, heft 7 10, and VII, heft 1 8 ° Budapest 1883 1884 

Thb Institute 

Buffalo —Bulletin of the Buffalo Society of Natural Sciences Vol IV, No 4 8° Buffalo, 
1883 




The Society. 
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Calcutta —General Report on the Operations of the Surrey of India Department? during 
1882 83 Fisc Calcutta, 1884 

Survey or India 

1 „ Suivey of India Depaitment Notes for January to July 1884 Fisc Dehra 
Dim,1884 

Survey or India 

„ Journal of the Asiatic Society of Bengal New series Vol LIII, part 2, No 1 
8 « Calcutta, 1884 

The Society 

„ Proceedings of the Asiatic Society of Bengal Nos 4 6 8° Calcutta 1881 

The Socieiy 

„ Palseontologia Indica Series X, Vol ill, part 2, and series XIV, Vol I paTt 
3, fasc 3 4° London and Calcutta, 1884 

Geological Suhvey of India 

„ Records of the Geological Surrey of India Vol XVII, part 3 8° Calcutta, 

1884 

Geological Survey or Indta 

„ Report of the Archaeological Surrey of India Vol XVIII 8° Calcutta, 1883 

Home Dkpabtment 

Cambridge, Mass —Memoirs of the Museum of Comparatire Zoology Vol X, No 1 4° 

Cambridge, 1883 

"Museum or Comparative Zoology 

Cassfl —Bencht des Veremes fur Naturhunde zu Cassel No 31 8° Kassel, 1884 

The Society 

Copenhagen —Orersigt over det kongclige danske Vidcnskabernes Selskabs 1833, No 3, 
and 1884, No 1 8° Copenhagen, 1883 1884 

The Academy 

Dresden — Sitzungsbeuchte und Abhandlungen der Naturwissenschafthchcn Gesellschaft 
Isis Jany to June 1884 8° Dresden, 1884 

The Societx 

G6ttingen —Nachnchten ron der K Gesellschaft der Wissensohaften Nos 1 13 8° 

Gottingen, 1883 

The Society 

Hobart Town —Papers and Proceedings of the Royal Society of Tasmania tor 1883 *8° 
Hobart Town, 1884 


The Society 

Koniosbbrg — Schriften der. Physikalisch-0konomischen Gesellschaft Jahrg XXIV 
Abth 12 4° Komgsherg, 1883 1884. 


1 The Socifty 

Lausanne —Bulletin de la Socidtd Vaudoise des Sciences Naturelles 2 m ® sdne Vol XX, 
No 90 8° Lausanne, 1884. 0 


The Society 

London —Catalogue of the Library of the Zoological Society of London Supplement 
containing additions to August 30th, 1883 8° London, 1883 

The Society 
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Londoj| —Proceedings of the Zoological Society of London 
1884 8° London, 1884 


Donors 

Part 4 1883, and Part 1, 
The Society 


Journal of the Anthropological Institute of Great Britain and Ireland Vol 
XIII, No 4 8° London, 1884 

Journal of the Iron and Sttel Institute 1883, No 2 8° London, 1884 

The Institute 

Journal of tha Royal Asiatic Society of Great Butain and Ireland New senes 
Vol XVI, parts 2 3 8° Londoji, 1884 

The Society 

Journal of the Society of^ Arts Vol XXXII, Nos 1647 1659 8° London, 

1884 

The Society 

Mineralogical Magazine and Journal of the Mmeralogical Society Vol V, 
No 26 8° London, 1884 

Proceedings of the Royal Geographical Society New senes Vol VI, Nos 5 7 
8° London, 1884 

The Society 

Proceedings of the Ro^al Society of London Vol XXXVI, Nos 229 230 8° 

London, 1884 

The Society 

Quarterly Journal of the Geological Society Vol XL, part 2, No 168 8° 

London, 1684 

The Society 


Madbid —Boletin de la Sociedad Geografica de Madrid 
Madrid, 1884 


Tome XVI, Nos 6 6 8“ 

The SociErY 


Manchester —Transactions of the Manchester Geological Society Vol XVII, paits 
% 16 18 8° Manchester, a884 


The Society 


Meluoubne —Mineral Statistics of Victoria foi 1883 Fisc Melbourne, 1884 

Dept of Mines, Victoria 


Report of the Chief Inspectoi of MraeB, to the Hon ble the Minister of Mines, 
tot the year 1883 Use Melbourne, 1884 

Dept of Mines, Victobia 

• 

Reports of the Mining Surveyors and Registrars for quarters ending 31st 
March, and 30th June 1884 Jblsc Melbourne, 1884 

• Dept of Mines, Victobia 

Transactions and Proceedings of the Royal Society of Victoria Vol XX 
8° Melbourne, 1884 

The Society 


Milano —Atti della Societaltaliana di Scienzo Naturah Vol XXV, fasc 3 4, and XXVI, 
lasc 14 8° Milano, 1883 1884 


The Society 
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Montbba.Ii —Proceedings and Transactions of the Royal Society of Canada, for 18^2 1883 
Yol I 4° Montreal, 1883 


The Society 


Moscott —Bulletin do la Soci6t6 Imp6uale des Naturalistes 
LYI11, No 3 8° Moscou, 1864 and 1884 


Tome XXXVII, No 1, and 
Thb Society 


Nbuchatel —Bulletin do la Sou£td des Sciences Natnrelles Tome XI, pt 1 8° Neucha- 

tel, 1877 , 

Newcastle upon Tl.ne —Transactions of the north of England Institute of Mining and 
Mechanical Engmeers Vol XXXIII, parts 4 6 8° Newcastle upou- 

Tyne, 1884 

The Institute 


Pakis —Bulletin de la Socidtd G6ologique de Prance • 2 me sdne Tome XXXII, No 4 
3“ e sene Tome II, No 8 Tome IV, No 6, Tome VI, No 8, Tome VII, 
Nos 4 and 7, Tome VIII, No 4, Tome IX No 3, Tome X, No 7, 
and Tome XII, Nos 6 6 8° Pans, 1870 1881 and 1884 

The Society 


Philadelphia —Journal of the Franklin Institute V d series Vol LXXXVII, No 6, and 
LXXXVI1I, Nos 12 8° Phil idclphia, 1884 

The Institute 

„ Proceedings of the Academy of Natural Sciences Part I, 1884 8° 

Philadelphia, 1884 

The Academy 

„ Proceedings of the American Philosophical Society Vol XXI, No 114 

8° Philadelphia, 1884 

The Society 

„ Transactions of the Ameiican Philosophical Society New series Vol 

XVI, part 1 4° Philadelphia, 1883 

The Society 

Rome —Bollettino del R Comitato Geologico d Italia Vol XIV 8° Roma, 1883 

The Commission 

Saint Petersburg- —Beitragezui Kenntnissdes Russischen Reiches und der Angienzenden 

Landei Asien Folge 2 Baud VI VII 8° St Pdtersbourg, 
1883 1884 

The Imperial Academy op Sciences 

„ Bulletin de L’Acaddmie Impdrule des Sciences de St dYteisfioui'g 

Tome XXVIU, No 4, and XXIX, No 1 4° St Pdtersbourg, 

1883 

The Imperial Acadbmj op Sciences 

„ M&nnires de L’Acaddmie Imperials des Sciences de St Pdtersbourg, 

S6ne VII Tome XXXI, Nos^ 9 14 4° St Pdtersbourg, .1883 

The Academy 

„ Bulletin du Comitd Gdologique Vol III, Nos 2 6 8° St Pdters- 

bourg, 1884 

The Commission 

„ Mdmoires du Comitd Gdologique Vol I, No 2 4 C St P&ersbourg, 

1884, 


The Commission 
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Saiem^—B ulletin of the Essex Institute Vol XV, Nos 1 6 and XVI, Nos II 8° 
Salem, 1883 1884 

The Institute 

San Feancisco —Bulletin of the California Academy of Sciences No 1, 1884 8° San 

Francisco, 1884 

« 

The Academy 

h Memoirs presented to the California Academy of Sciences Vol I, parts 

12 4° San Francisco, 1SG8 

The Academy 

„ Proceedings of the Califomia«Academy of Sciences Vol I (2nd edition) 

and Vole V-VII, part 1 8° San Francisco, 1873 1877 

. The Academy 

• * 

Springfield —Bulletin of the Illinois State Museum of Natural History No 2 8° 

Spungfield, 1884 

Peofessob A II Wobthen 


Stockholm —SverigesGeologiskaUndeisolmingKartblad Ser A a, Nos 8990 Ser A b, 
Nos 7 & 9 Ser B b , No 3 Sei C , Nos 53 60 8° & 4 C Stockholm, 

1882 1883 

Geological Survey of Swbpen 


Sidney 


Annual Report of the Department of Mines, New South Wales, for 1883 Fisc 
Sjdney, 1884 


Dept o* Mines, N S Wales 


Catalogue of the Library of the Australian Museum, Sydney 8° Sydney, 1883 

The Musfum 


Guide to the contents of the Australian Museum, Sydney 8° Sydney 1883 

Thf Museum 


,, Ramsay E P—Catalogue of the collection of Fossils in the Australian Museum, 
Sydney 8° Sjdney, 1883 

The Museum 

* „ Report of the Trustees of the Australian Museum for 1883 i Isc Sydnej, 1884 

The Museum 

Torino —Atti della R Accademia delle Scionze di•Torino Tomo XIX disp 1 and 4 6 8° 

Torino, 1883 1884 

• • The Academy 

Bollittmo dell Os&ervatorio della Regia Umversita di Touno Anno XVIII 
Oblong Tonno, 1884. 

The Academy 

II pnmo secolo della R Accademia delle Scienze di Torino Notizie Stonche e 
Bibliogiafiche, 1783 1883 4° Tonno, 1883 

The Academy 

„ Memouc della R Accademia delle Scienze S^rie 2 Tomo XXX and XXXV 4° 
Tonno, 1878 and 1884 

The Academy 


Toronto —Proceedings of the Canadian Institute Vol II, No 1 8° Toronto, 1884 

' The Institute 
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Venice. —Atti del Beale Istituto Veneto di Science, Lettere ed Arti 5th senes, VoJ, VIII, 
Nob 8 10 6th Belies, Vol 1, Nos 13 8° Venezia, 1881 1883 

The Institute 


Vienna —Jahrbuch dei Kais Konig Geologischen Reichsanstalt 
& XXXIV, No 3 8° Wier, 1883 1884 


Band XXXIII, No 4, 
The Institute 


„ Verhandlnngen der & K geologischen Reichsanstalt Nos 9 12 8° Wien, 

1884 « 

* • The Institute 

Washington —Bulletin of the Philosophical Society of Washington Vol VI 8° Washing¬ 
ton, 1884. 


The Society 

Wellington —Transactions and Pioceedmgs of the New Zealand Institute Vol XVI 8° 
Wellington, 1884 

The Instiiutb 


Yokohama —Mittheilungen der Dentschen Gesellschaft fur Natui und Volkeikunde Osta- 
Biens Band III, heft 21 30 4° Yokohama, 1884 

The Society 


October 14th, 1884 
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